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INTllODUCTION. 



In the preparatioii of the following pages, the principal 
object of the compiler has been, to present, from the best 
attainable sources, and generally in the language of the 
most approved and standard authors, the leading princi- 
ples and prominent results of geological science, chiefly 
with the yiew of engaging the attention and attracting 
into this interedting channel the researches of the young» 
The purely scientific details and technical language, with 
which the practical geologist is familiar, have been, as far 
as possible, purposely avoided, in order to disencumber the 
general survey of the ample field thus opened to view, of 
those perplexities and embarrassments which their intro- 
duction, in the elementary stage of our inquiries, could 
scarcely fail to induce. Occasional repetition, in the lan- 
guage of different authors, of the same general principles 
or fundamental conclusion, will be found to occur in the 
progress of the work ; and while no effort has been made 

to give to it the character of a full and scientific exposition 
1* 
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6 INTRODUCTION. 

of geological phenomena, it is hoped that the student will 
be enabled to derive from it, not only a variety of useful 
and practical information connected with this important 
and attractive branch of knowledge, but those incentives 
to its further prosecution which will lead him to a more 
intimate and systematic acquaintance with its details. A 
general sketch of the geological conformation of our own 
continent, and more particularly of our own state, has 
been superadded, the materials of which were derived 
chiefly from those elaborate works of American geologists 
and naturalists, of which, even when placed by the side 
of the ablest European productions in this department, we 
have such ample reason to be proud. The prominent 
boundaries and most striking outlines only of the great 
field to which the attention of the student is here directed, 
have been attempted to be delineated ; and if he is thereby 
incited to a more complete and thorough investigation 
of its wonders and beauty, its treasures and wealth, the 
object of the compiler will have been attained. 
ALBA5T, May 20, 184a 
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SCIENCE OF GEOLOGY. 



PART !• 

ORIGIN AND PROGRESS OF GEOLOGICAL SCIENCE. 

Geology, in its most extended sense, has been defined 
to be the natural history of the earth and of the changes 
which have taken place and are still in progress in the 
organic and inorganic world. It teaches us the materials 
€i- which the earth, to a certain depth, is composed, and 
tiie order in which they are arranged ; the agencies which 
were employed and are still in operation in the formation 
of its enist; the vmrious convulsions and revolutions to 
which it has been and continues to be subjected ;'and the 
various races of beings which have successively inhabited 
its surface, daring a series of epochs of unknown but long- 
protracted duration. It enables us to ascertain the order 
of succession and of time in which the various strata or 
formations composing the surface of the earth were depos- 
ited by the agency of water, or upheaved by the expansive 
power of subterranean heat — to define and describe the 
various phenomena which characterize these successive 
formations, and the particular uses to which, in the econ* 
omy of nature, they may be applied. 
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8 :*••, ORIGIN AND PROGRESS 

The ancibiQ^seem to have been aware, to some extent, 
of the antiq\]&ty of the globe, and of the powers of natural 
forces in me alternate destruction and renovation of the 
earth's 'surface. Pythagoras is represented by Ovid as ii- 
lus^faliog these general principles by an appeal to the 
^^Veal* physical changes constantly and systematically in 
•pyt^gress — the conversion of land into sea, and of sea inta 
, Igihd — the excavation of valleys by rivers and floods — the 
\ growth of deltas — and the effects of earthquakes and vol- 
' canoes. Aristotle regarded the continued operation of 
natural agents as capable, in the lapse of ages, of effecting 
an entire and radical revolution in the condition of exist- 
ing continents. Strabo seems to have been of opinion that 
all land was originally formed beneath the sea, and had 
heen elevated, from time to time, by earthquakes ; and he 
cites the opinions of Eratosthenes and other Greek writers 
as to the causes of the deposition of marine shells at great 
elevations and distances from the beds of the sea, at the 
same time insisting with great pertinency and force that 
the explanation of these and similar phenomena involved 
in the investigation should, as far as possible, be drawn 
from the operation of events of ordinary occurrence, such 
as deluges, earthquakes, and volcanic eruptions. 

The Egyptian priests are understood to have maintained 
the aqueous origin of the globe ; Thales taught that the 
solid materials of the earth were deposited from water ; 
and Zaio that fire was the original material from which 
all things were evolved. 

It is by no means unreasonable to suppose, although we 
have no direct evidence of the fact, that investigations of 
this nature occasionally occupied the attention and excited 
the intellect of those Grecian philosophers of a later pe- 
riod, who, with laborious effort and no inconsiderable suc- 
cess, had explored, not only the wide domain of the ani- 
mal, vegetable, and mineral kingdoms, but the ampler 
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fields of astronomy. The observation of the transforma- 
tions perpetually in progress in the natural world, and of 
the changes which must obviously have been wrought in 
the surface and general appearance of the globe, could not 
fail to have led their inquiring minds to the frequent caa^ 
sideration of the problems involved in these remarkable 
appearances. No traces, however, of any systematic ef- 
forts in this direction have come down to us. The Ara- 
bians, after the decline of the Roman empire, seem to have 
turned their attention to this subject. In the tenth century 
of the Christian era, Avicenna, one of the most learned 
physicians oi his age, wrote a '' Treatise on the Formation 
and Classification of Minerals, and the Origin of Mount- 
ains," the latter of which he attributed to the joint opera- 
tion of earthquakes and the excavation of valleys by wa- 
ter. Omar, also, during the same century, wrote a work 
on the reureat of the sea — having satisfied himself by ob- 
servation of the fact of important changes in this respect 
in the formation of the coasts of Asia. 

The observations and reasoning from which the modem 
science of geology may be said to have originated, derived 
their direct impidse from the accidental discovery at Ve- 
rona, in the early part of the sixteenth century, of a large 
number of marine shells, imbedded in the earth. The na- 
ture and origin of these fossils were warmly disputed — it 
being maintained, on the one hand, that they were the re- 
mains of previously-existing marine animals ; and, on the 
other, that they were mere minerals curiously and fantas- 
tically wrought by the hand of nature in imitation of the 
occupants of the ocean. Some attributed their origin to 
the operation of fermentation by the internal heat of the 
earth ; others to the tumultuary movement or terrestrial 
exhalations ; and there were not wanting those who re- 
garded them as the relics of a gigantic race of human be- 
ings formerly existing cm the earth. Those who attained 
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10 ORIGIN AND PROGRESS 

to alight conception of their nature, were divided in opin- 
ion as to their origin — some attributing them to the opera- 
tions of the delage, and others to a change in the surface 
of the globe wrought by earthquakes, to the powerful ac- 
tion of running water on the land, and the gradual en- 
croachments of the sea on the shore. 

This controversy was carried on with great skill, and 
no inconsiderable degree of talent and ability, during the 
greater portion of the succeeding century. Fracastoro, 
Cardano, Cesalpino, a celebrated botanist, Fabio Colon- 
na, and Steno, of Italy, Palissy, of France, and Scilla, 
a Sicilian painter, contended that these fossils had all be- 
knged to animals which had once lived and multiplied 
where their remains were found, and demonstrated the 
absurdity of attributing the phenomena in question to the 
Mosaic deluge — an inundation, as they insisted, too tran- 
sient and quiet to account for the burial of these shells at 
such great depths in the interior of mountains. Agricola, 
a German miner, Andrea Matteoli, an eminent Italian bot- 
anist, Fallopio, of Padua, and others, warmly supported 
the opposite hypothesis. The controversy gradually as- 
sumed a theological shape, and extended itself from the 
continent into England. The doctrine that these organ- 
ized fossils were buried in the solid strata of the earth's 
surface by the Noachian deluge, came at length to be re- 
garded as a fundamental article of religious belief. Qui- 
rini, in 1676, contended, in opposition to Scilla, that it was 
impossible for the diluvian waters thus to convey heavy 
bodies to the summit of mountains ; and was the first to 
deny the universality of the deluge recorded in scripture. 

Prior to the close of the sixteenth century, George Owen, 
an Englishman, is understood to have completed a valu- 
able treatise, establishing the uniform succession, in a reg- 
ular and methodical order, of rocks of the same geological 
series, through extensive tracts of country — ^^a principle 
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lying at the foundation of the science, and which was not 
distinctly asserted or understood until after the lapse of 
nearly two centuries. The work of Owen remained in 
manuscript until subsequently to the commencement of 
the present century ; and consequently exerted no influ-^ 
ence upon the advancement of geological investigation and 
research. 

Lister, toward the close of the seventeenth century, ap- 
pears to have been the first to propose the idea (^ con- 
structing regular geological maps — a propofiiticm which, 
of itself, indicated an acquaintance with the regularity of 
geological structure over extensive districts. He has also 
the merit of having demonstrated the practicability of 
identifying and distinguishing strata by organic remains. 

In 1680, Liebnitz published his celebrated theory of the 
earth, the principal features of which were, the original 
incandescence of the globe, its gradual refrigeration, and 
the condensation of its vapors into a mineral ocean ; the 
subsequent deposition of which constituted the various 
kinds of sedimentary or stratified rocks, accompanied by 
inundations and violent convulsions : from which he pro- 
ceeded to infer the double origin of primitive masses ; first, 
by cooling after igneous fusion, and, secondly, by reconcre- 
tion from aqueous solution. These views were counte- 
nanced and adopted by Bufibn and Deluc, the former of 
whom gave to the world his theory toward the middle of 
the last century. 

At about this period, also, De Maillet, who had long 
resided in an official capacity in Egypt, from repeated ob- 
servatioDS of the occurrence of sea-shells and other marine 
remains on the summit of the highest mountains, inferred 
the original submarine formation of the existing conti- 
nents, and the universal prevalence of water over the sur- 
face of the earth, from which in the progress of ages it 
has gradually receded. His theory was, however, very 
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12 ORIGIN AND PROGRESS 

imperfect ; and, in many of its most important features, 
entirely baseless and visionary. Its chief value consisted 
in the recognition and partial development of the princi- 
ple, that all our present continents were originally formed 
under water ; from which, subsequent inquirers were en- 
abled to proceed to a more accurate and systematic expo- 
sition of the process by which the subsequent changes 
were effected. Targioni and Arduino, in Italy, at about 
the same period, contributed essentially to the advance- 
ment of geological science ; the former, by his copious 
observations and sound conclusions respecting the powers 
of rivers, floods, and the bursting of lakes, in the excava- 
tion of valleys ; and the latter, by his classification of the 
various superficial formations into primary, secondary, 
and tertiary rocks. Mitchell, the Wood wardian professor, 
in the university of Cambridge, in England, a few years 
later, also, advanced many original and philosophical 
views on the effects of earthquakes in fracturing, contort- 
ing, and elevating, mountainous strata. Lehman, at about 
the same period, made a classification of the several rocks 
composing the earth's surface, with reference to the exist- 
ence of organic remains ; distinguishing all those in which 
these indications were uniformly absent, as primary, and 
all others, as secondary. Out of these, "Werner subse- 
quently formed a third class, which he denominated 
transition rocks ; having observed, that between the pri- 
mary and secondary rocks, there existed an intermediate 
group, containing, on the one hand, undoubted traces of 
organic remains, and on the other, obviously partaking 
of the crystalline character of the primary rocks, destimte 
of stratification, and otherwise identical to appearance, 
with those of the primary formations. From his obser- 
vations of the structure of that portion of Saxony, in 
which he resided, he constructed a theory of the earth, 
which long maintained its ascendency throughout the 
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continent, and extended to England. He affirmed that the 
surface of the earth was composed of a certain number of 
layers or coats, uniformly occupying the same order with 
respect to each ether, so that wherever one of these layers 
was found, the next in the ascending series would be cer- 
tain to overlie it, and the one preceding it, to be found 
immediately beneath : that the primary unstratified rOcks 
consisted originally of a chymical deposite from a chaotic 
fluid, which held their constituent elements in a state of 
solution ; and, that as the waters of this primeval ocean 
gradually precipitated the minerals with which they were 
charged, they became adapted to the support of animal 
life ; chymical deposites gradually ceased ; crystalline rocks 
were no longer formed ; and the secondary strata, contain- 
ing the imbedded remains of animals, began to be de- 
posited. The existence of an original chaotic fluid ; the 
primitive nature of granite and the crystalline rocks ; the 
original submersion under water of the entire globe ; and 
the comparative inefficiency of the existing powers of 
nature to the production of the phenomena to be account- 
ed for in the present condition and past changes of the 
earth's surface, constimted the prominent and fundamental 
doctrines of this celebrated system. By his superior ac- 
quaintance with the mineralogical characters of the rocks 
which came under his observation, the industry and ac- 
curacy with which he traced the distinctive peculiarities 
of the primitive, transition, and secondary rocks ; and by 
the devotion and zeal with which he concentrated all his 
powers to the advancement and promotion of geological 
investigation, Werner, notwithstanding the demonstrated 
errors of his system, is unquestionably entitled to a very 
high rank among the founders and illustrators of the 
science. His work made its appearance, in 1787. 

In the succeeding year. Dr. Hutton, a celebrated physi- 
cian, of Edinburgh, published his theory of the earth ; a 
2 
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theory, in most respeets diametrically opposed to that of 
his^ distinguished predecessor, and the ultimate establish- 
ment of which, as expanded 1)y its author, and illustrated 
by Dr. Black, Professor Playfair, Sir James Hall, and 
others of high celebrity and scientific talent, effected a 
complete revolution in the fundamental principles of 
geological science. He taught that no geological phe- 
nomena afforded any direct evidence of the beginning of 
things; that the oldest rocks of which we have any 
knowledge are themselves but the ruins of pre-existing 
rocks, destroyed, or in the process of destruction or chym- 
ical change, by the slow erosion of atmospheric agency ; 
and that the fragmentary particles thus disintegrated from 
the parent rock, borne by rivers to the ocean, and loosely 
deposited over its bed, some at greater and others at less 
distances, according to their weight, became at a subse- 
quent period consolidated by heat originating in the in- 
terior of the earth, and were then upheaved and fractured 
by earthquakes and convulsions; that the crystalline or 
primary strata were originally mechanical deposites, simi- 
lar to the secondary rocks, but altered by the long-con- 
tinued action of heat ; while granite had crystallized from 
a state of fusion, and had slowly cooled under great pres- 
sure ; in short, that all the revolutions which have visited 
the earth, were but the result of the ordinary operations 
of nature continued through very long periods of time ; 
that what is now sea was formerly dry land ; and that, by 
the action of running water, materials are constantly ac- 
ciunulated on the bed of the sea, to produce the strata of 
new continents, which, by new convulsions similar to 
those that have already occurred, will again, in process 
of time, be uplifted and laid bare, while that part of the 
earth now inhabited will be again submerged. " The ob- 
ject of tliis theory," observes Playfair, *< was, not to ex- 
plain the origin of things, but the consideration of those 
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changes which the earth has undergone, through the 
agency of known causes, tiDce the establishment of the 
present order ; and the first general &ct remarked by its 
author, was the formation of a great portion of the crust 
of the glohe out of more ancient materials, and that all 
the stratified rocks consisted of the remains of other strata 
more ancient than themselves. The greater part of the 
present continents, therefore, having once existed in a 
sedimentary form, at the bottom of the sea, must have 
heen consolidated by subterranean heat ; the stratified 
rocks, which, instead of being horizontal in position, are 
inclined, or vertical, inflected, broken, and found detached 
from each other at various elevations, and sometimes at 
the greatest heights above the sea, must have been ele- 
vated by the expansive power of heat ; veins, whether 
metalliferous or stony, injected by a similar process, sub- 
sequently to the formation of the strata which they inter- 
sect ; and mineral bodies subjected, when exposed to the 
influence of the air, to change, decomposition, and decay, 
and their fragmentary particles to transposition, by the 
action of the rivers to the sea. From these considera- 
tions, the alternate and probably repeated dissolution and 
renewal of all mineral substances, may be inferred." 
From the efiect of compression, united with the agency 
of heat, Hutton conceived himself enabled to explain the 
consolidation of the sedimentary rocks ; to disprove the 
existence of primitive mountains ; to demonstrate the ig- 
neous origin of the granitic and trappean masses ; to 
show that they have, at various times, broken through 
and invaded the sedimentary strata, and to establish the 
hypothesis that this agency is an essential part of the con- 
stitution of the globe. That granite and the other mas- 
sive rocks are the result of simple fusion ; that all, or a 
great proportion of the stratified rocks are sedimentary ; 
that they have been indurated and elevated, and the plu- 
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tonic masses Violently injected among them by a force 
acting from below, is now regarded as fully established ; 
and that this indurating and elevating power resembles 
what we term internal heat, whatever be its nature or 
cause, has been shown with a degree of probability nearly 
equivalent to demcwstration. 

Prior to this period, the existence of marine deposites at 
the tops of the highest mountains, the inequalities on the 
earth's surface, and the marks of violent action which 
have dislocated and upheaved its solid strata, were almost 
universally referred to the operation and effects of the del- 
uge, combined with the subsequent encroachments of the 
sea, the overflowing of lakes, the devastations of avalanches 
and glaciers, the sand-floods of tropical climates, and the 
desolating effects of earthquakes and volcanoes. In his 
" Dissertation on the Theory of the Earth," read to the 
Royal Society of Edinburgh, in the spring of 1785, Dr. 
Hutton explicitly renounced the attempt to reconcile the 
phenomena of geology with the idea of the recent creation 
of the world, and endeavored, from the present state of 
our globe, to trace the causes which have operated in past 
ages, and may reasonably be presumed to continue to op- 
erate in all future time. Conceding the comparatively 
modem appearance of man, as the inhabitant of the earth, 
he demonstrates that the inferior species of animals, par- 
ticularly those inhabiting the ocean and its shores, must 
have had a long preceding existence. " We find," he ob- 
serves, *^ the marks of marine animals in the most solid 
parts of the earth : consequently these solid parts have 
been formed after the ocean was inhabited by those ani- 
mals which are proper lo that fluid medium." — " The 
world which we inhabit," he continues, " is composed of 
the materials, not of the earth which was the immediate 
predecessor of the present, but of the earth which, in as- 
cending from the present, we consider as the third, and 
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which had preceded the land which was above the level 
of the sea, while our present land was yet beneath the 
waters of the ocean. There are three distinct, successive 
periods of existence, and each of these is, in our measure- 
ment of time, a period of indefinite duration." 

Dr. Hutton first announced and clearly- demonstrated 
the important principle that all the hard substances of the 
minerad kingdom, when elevated into the atmosphere, 
have a tendency to decay, and are subject to a disintegra- 
tion and waste, to which no limit can be set but that of 
their entire destruction ; that no provision is made on the 
surface for repairing this waste, and that there no new fos- 
sil is produced ; that the formation of all the varied scene- 
ry which the surface of the earth exhibits, depends on the 
operation of causes, the momentary exertions of which are 
familiar to us, though we knew not before the effect which 
their accumulated action was able to produce. Water, he 
conceives, was first employed to deposite and arrange, and 
then fire to consolidate, mineralize, and lastly to elevate 
the strata ; but with respect to the unstratified or crystal- 
lized substances, he recognised the action of fire only. 

" The circumstance, however, which gives to this theo- 
ry its peculiar character," observes Professor Playfair, " is 
the introduction of the principle of pressure to modify the 
efi^ects of heat when applied at the bottom of the sea, con- 
fining the volatile parts of bodies exposed to the action of 
subterranean fire, and forcing them, in many instances, to 
undergo fusion, instead of being calcined or dissipated by 
burning. Combustion and inflammation are chymical pro- 
cesses, to which other conditions than the presence of a 
high temperature are required. The state of the mineral 
regions makes it reasonable to presume that these condi- 
tions are wanting in the bowels of the earth, where, of 
consequence, we have a right to look for nothing but ex- 
pansion and fusion, the only operations which seem essen- 
2* 
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tial to heat, and inseparable from the application of it, in 
certain degrees, to certain substances." 

It has been objected to Dr. Hutton, that he ascribed too 
much to the agency of running water, and that he referred 
the formation of valleys to rivers alone. On the contrary, he 
distinctly recognises the operation and joint result of three 
different causes — a regular stratification of materials — sub- 
terranean heat — and the agency, on the surface, of the sun 
and air, wind and water, rivers, currents, and tides. In 
the destructive and decomposing agency of these elements, 
he also recognised the forces by which the elevated lands 
were gradually worn down, and transferred by rivers to 
the bottom of the sea ; in the volcano and the earthquake, 
the energy of that subterranean power which indurated 
and again elevated the submarine deposites — while its 
effects were displayed in the fifequent emergence of new 
islands, the formation of new mountains, and the repeated 
elevation and depression of extensive tracts of land. " The 
ruins of an older world," he observes, " are visible in the 
present structure of our planet ; and the strata which now 
compose our continents have been once beneath the sea, 
and were formed out of the waste of pre-existing con- 
tinents. The same forces are still destroying, by chymi- 
cal decomposition, or mechanical violence, even the hard- 
est rocks, and transporting the materials to the sea, where 
they are spread out and form strata analogous to those of 
more ancient date. Although loosely deposited along the 
bottom of the ocean, they become afterward altered and 
consolidated by volcanic heat, and then heaved up, frac- 
tured, and contorted." He had convinced himself of the 
igneous origin of basalt and trap rocks, and of their ejec- 
tion in a melted state through fissures in the older strata ; 
and attributed the compactness of these rocks, and their 
difierent aspect, when compared with that of ordinary lava, 
to their having cooled down under the pressure of the sea. 
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While the claims of this theory were undergoing a strict 
examination in Edinburgh, Mr. William Smith, in Eng- 
land, was engaged in a careful and thorough examination 
of strata and fossils, from which he deduced the most am- 
ple confirmation of the theory of Lister, above referred to, 
that certain groups of fossils were peculiar to certain strata, 
and that by organic remains alone, independently of min- 
eral composition, the true order of succession of rocks was 
determinable. 

Toward the close of the eighteenth century, the idea of 
distinguishing the mineral masses into separate groups, 
and of studying their relations, began to be generally dif- 
fused. Among the most celebrated of those wbose labors 
at this period contributed to this end, were Pallas and 
Saussure ; the former of whom, after an attentive exami- 
nation of the great mountain-chains of Siberia, deduced the 
general principles which, as he conceived, governed the 
formation of chains composed chiefly of primary rocks, and 
in his travels in different portions of the Russian empire, 
adduced many sound geological observations relative to 
the more recent strata of the earth's surface, and the former 
prevalence of the sea over the existing continents. Saus- 
sure employed the chief portion of his time in studying the 
geological structure of the Alps and the Jura ; and, with- 
out deducing any general system, or originating any new 
or peculiar views, furnished ample and valuable materials 
for his successors in this fertile field of labor. 

These researches were followed up by the establishment, 
m 1807, of the London Geological Society, which gave a 
new and most effective impulse to the prosecution of the 
science. The study of organic remains, and the careful 
examination and classification of the various strata, now 
began to occupy the attention and engage the labcMrs of in- 
dividuals of the most commanding and extensive scientific 
acquirements. 
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Cuvier and Brongniart, in France, followed up the re- 
searches which had thus been instituted, by a thorough 
investigation of the fossil remains of the great Parisian 
basin. The tertiary formations, although affording some 
of the most interesting phenomena of geological science, 
and occupying a large portion of the existing surface of the 
earth, had hitherto received no attention at the hands of 
geologists. Thiey were now thoroughly explored, and 
found to throw great light on the distribution of land and 
water, during an epoch comparatively recent — to furnish 
an assemblage of plants and animals more nearly ap- 
proaching those of contemporary origin ; and by the evi- 
dence which they afforded of the slow process by which 
they must have been elaborated, to accumulate additional 
proof of the great antiquity of the earth. The formations 
of the Paris basin were found to consist of an alternation 
of marine and fresh-water strata, from the latter of which 
innumerable bones of mammalia f of extinct races, were de- 
rived. In his geological and zoological researches, Cuvier 
carried us back to those early periods of the history of our 
planet when man had as yet no existence, and a succession 
of strange and monstrous beings occupied its habitable sur- 
face. From his researches and those of his contempora- 
ries and successors, it appeared that there was a period 
when the earth consisted of a solid mass of granite, cov- 
ered with water, and destitute equally of vegetation and 
of life ; that this state of things was succeeded first by one 
in which zoophytes, mollusca, and reptiles, abounded, and 
vegetation rankly flourished ; then by a condition of the 
strata which admitted of the existence of enormous ani- 
mals, like the leviathan and behemoth ; and subsequently, 
and at a considerably later period, of animals and plants 
similar to those now existing, and of which man was a 
contemporary. It is only after the last deluge, and in the 
more superficial strata formed since that event, that the 
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remains either of man or of the existing races of animals 
have been discovered : clearly indicating, so far as we pos- 
sess any geological evidence of the facts, that neither of 
these previously existed in the countries which they now 
inhabit It is not impossible, however, geologically con- 
sidered, that man may have had a prior existence, and that 
the regions inhabited by him may now lie at the bottom 
of the ocean ; or that earlier traces of him may yet be dis- 
covered. All that is meant to be here asserted is, that 
hitherto no such evidence has been adduced. 

<< The progress of geology, from the period at which it 
began to assume the systematic character of a regularly- 
digested science," observes Mr. Conybeare, in an ^ble re- 
port on this subject at the second meeting of the British 
Association, " maybe considered as having presented three 
marked stages, distinguished by three successive schools. 
Each of these schools has selected, for the more especial 
object of its attention, a single member of the three great 
geological divisions in the series of formations, viz., the 
primitive, secondary, and tertiary ; and the succession of 
these schools has, by a singular coincidence, followed the 
same order with that of ihe formation to which they were 
devoted. It may also be observed that the leaders of each 
school have been distinguished geologists of three different 
nations — Germany, England, and France. The first, or 
German school, is that of Werner : this directed its atten- 
tion principally to the primitive or transition formation, in 
which the distinctions of mineralc^ical character assume 
the greatest importance, and the imbedded minerals, from 
their variety and relations to the rocks containing them, 
became the chief objects of the geologist's notice. The 
second, or English school, has distinguished itself by the 
ardent and successful zeal with which it has developed the 
whole of the secondary series of formations : in these the 
SEoological features of the organic remains associated in the 
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several strata afford characters far more interestiog in 
themselves and important in the conclusions to which they 
lead, than the mineral contents of the primitiye series. 
This school generally recognises the masterly olRervations 
of Smith, first made puhlic in 1799, as those which have 
principally contributed to its establishment ; although the 
regular distribution of organic remains had before been 
recognised in Italy by Steno, and in France by Rouelle : 
and although Werner in his lectures and Saussure appear 
to have indicated generally that the laws of this distribu- 
tion bore a relation to the geological age of the formations 
containing them, yet a degree of vagueness hung over the 
whole subject, which precluded any extensive or useful 
application of this great principle, until the acute observa- 
tions of Smith first brought it prominently forward in all 
the precision of exact detail, as applied to a vast succes- 
sion of formations, including the most important portion 
of the geological series ; and as, from his situation in life, 
^ we must consider the discoveries of Smith as the extraor- 
dinary results of native and untaught sagacity of intellect, 
they must, on this account, be held to challenge a still 
warmer tribute of approbation, and may be regarded as 
strictly original in him, even where faint traces of antici- 
pation may be found in continental writings, little likely 
to have fallen beneath his observations. The third school, 
or that of tertiary geology, owes its foundation to the ad- 
mirable ' Memoir on the Basin of Paris,' published by Cu- 
vier and Brongniart in 1811. The high scientific distinc- 
tion of Cuvier, and the striking and interesting nature of 
the facts developed in his brilliant memoir, excited a 
marked sensation, and commanded the general attention 
of men of science : for none such could peruse with indif- 
ference those masterly descriptions, which exhibited the 
environs of one of the great metropolitan cities of Europe 
as having been successively occupied by oceanic inunda-* 
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tioas and fresh-water lakes ; which restored from the scat- 
tered fragments of their disjointed skeletons the fonns of 
those animals, long extinct, whose flocks once grazed cm 
the margins (^. those lakes ; and which presented to our no- 
tice the case of heds of rock, only a few inches in thick- 
ness, extending continuously over hundreds of square miles, 
and constantly distinguished by the same peculiar species of 
fossil shells, ^The public mind being thus fully awakened 
to a perception of the vast importance of zoological geolo- 
gy,^ as superadded to mineral geology, became thus ripely 
prepared to appreciate the value of the materials previous- 
ly collected by the unassisted acuteness and industry of 
Smith, which had illustrated the whole secondary series 
of formations in the same spirit as Cuvier and Brongniart 
had applied to a portion of the tertiary class ; and which 
thus, after an interval of neglect, assumed their just place 
and rank in the geological system. From this period the 
views of the zoological school were universally adopted 
by the most active and efficient laborers in the progress of 
English geology, and were by them, from to time, greatly 
extended. The establishment of the Geological Society of 
London afforded also, about the same time, a central point 
of reunion to those engaged in this pursuit ; an establish- 
ment eminently calculated to stimulate their endeavors, by 
the promotion of mutual intercourse, and the comparison 
of the information individually obtained — a point in every 
science very important, but most emphatically indispensa^ 
ble in one which can never be effectually advanced with- 
out the steady co-operation of numerous independent ob- 
servers." 

The researches of geologists have, within the last half 
century, created a new department of knowledge, whichr 
in point of philosophic importance and scientific interestr 
is unsurpassed by any other. They demonstrate the sur- 
face of our planet not merely to hav€ existed, but to have 
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undergone physical changes similar in kind, if not in de- 
gree, to those which affect it at present, and to have been 
tenanted by a long succession of animals and vegetables 
for countless ages before the traces of man and his works 
present themselves to the most searching investigation. 
" Geologists now no longer," observes Sir John Herschel, 
in his admirable ** Discourse on the Study of Natural Phi- 
losophy," " indulge fanciful theories, either with reference 
to the original formation of the globe, or its subsequent 
transformation — such as a change of the axis of rotation 
of the earth, causing an influx of the sea upon the land — 
the attraction of the waters of the ocean, by the sudden 
approach of comets — a long succession of tremendous and 
ravaging catastrophes and cataclasms — epochs of .terrific 
confusion and violence — and 'the sudden application of 
convulsive and fracturing efforts — but rather aim at a 
careful and accurate examination of the records of its for- 
mer state, which they find indelibly impressed on the great 
features of its actual surface, and to the evidences of for- 
mer life and habitation, which organized remains, imbed- 
ded and preserved in its strata, indisputably afford. Such 
records teach us that the whole or nearly the whole of our 
present lands and continents were formerly at the bottom 
of the sea, where they received deposites of materials from 
the wearing and degradation of other lands not now exist- 
ing, and furnished receptacles for the remains of marine 
animals and plants inhabiting the ocean above them, as 
well as for similar spoils of the land washed down into its 
bosom. The examination of these remains affords indu- 
bitable evidence of the former existence of a state of ani- 
mated nature widely different from the present, and of a 
series of periods of unknown duration, anterior to that in 
which it has been the habitation of man, in which both 
land and sea abounded with forms of animal and vegetable 
life, which have successively disappeared and given place 
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to Others, gradually approximating to and comprehending 
existioig species. The successive deposition of the strata 
in which these remains are found, are characterized by 
peculiarities sufficiently definite to enable us to recognise 
those of the same period, in every part of the world." 
From these appearances we may reasonably infer that, for a 
long period, the earth's surface was adapted only to vege- 
tables and the lowest grade of animal life ; afterward to 
animals of an amphibious nature, and such as could exist 
only in the neighborhood of lakes or inland seas ; and that 
this state of things was gradually succeeded by another 
adapted to a higher order of existences. The changes at 
that portion of the surface preceding the tertiary formation 
of the. geologist were attended by the introduction of a 
gigantic class of animals now mostly extinct ; while the 
subsequent extension and difi*usion of alluvial matter seems 
to have been admirably adapted to the growth of plants 
and the existence of animal life. Between these succes- 
sive changes long intervals appear to have elapsed. We 
find, too, that strata, which must have been originally 
horizontal and continuous, have undergone great disloca- 
tions and rupture : and we are thence led to consider, not 
only the adequacy of aqueous and volcanic causes, sepa- 
rately, or in combination, to the production of these, results, 
but the causes to which we may reasonably ascribe the 
form and position of the inert materials of the earth, and 
the nature and distribution of its animal and vegetable pro- 
ductions. 

The means of observing and recording the prominent 
feamres of the interior structure of the earth to a greater 
depth than would otherwise have been accessible, are fur- 
nished by the inclined position which a large portion of 
the stratified rocks have been made to assume in conse- 
quence of the violent and sudden displacements to which 
they have from time to time been subjected by the opera- 
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tion of internal heat. In addition to the facilities afforded 
by this disposition of the materials entering into the com- 
position of the earth's surface, artificial excavations of ev- 
ery description, inland precipices, rocky promontories and 
headlands rising along rivers, lakes, seas, and oceans, the 
sides of mountains in the vicinity of valleys, defiles, and 
gorges — the accumulated ruins at their base, and those 
which have been transported frequently to a jgreat distance 
by the action of diluvial and glacial currents — offer abun- 
dant opportunities for the prosecution of investigations of 
this nature. Volcanic eruptions in various parts of the 
globe have, at different periods of the earth's history, 
thrown up the formations of the abysses below, revealing 
to our view the primitive rocks of igneous origin — the gran- 
ites, syenites, porphyries, serpentines, soapstones, and trap, 
which constitute the foundation .upon which the superin- 
cumbent materials composing the surface of the earth, re- 
pose ; and satisfactorily accounting for the various disrup- 
tions, displacements, transpositions, and alterations, in the 
otherwise orderly succession of strata. 

The crust of the earth is of a thickness not yet accurate- 
ly estimated. The deepest mine known is but about one 
thousand yards in depth ; while the thickness of the primi- 
tive range of formations only has been estimated by the 
niost competent judges at not far from sixty miles. The 
surface only of the earth, to a depth not exceeding twelve 
feet, is destined to the support of life and vegetation, and 
two thirds of this surface is at present occupied by water. 

The average depth of the ocean has not as yet been 
satisfactorily ascertained ; but from the best sources of 
information in our power, we have reason to conclude it 
exceeds four miles. The highest mountains of the globe 
do not attain an elevation of five miles. With reference, 
therefore, to the entire diameter of the earth, the rind to the 
orange, or the coat of varnish to a terrestrial globe of the 
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ordinary size, seem, in the existing state of our knowl- 
edge, not unapt illustrations of that portion of the solid 
contents of our planet which fall within our direct coni- 
prehension. And yet, from these apparently scanty ma- 
terials, the researches of science, and the results of con- 
tinuous and systematic observation and induction, liave 
constructed a body of facts which, extending indefinitely 
into the past, and comprehending the successive periods 
of mineral, vegetable, and animal creation, enable us freely 
to peruse the legible records of an antiquity so vast as to 
be well nigh inconceivable, and to trace, in " characters 
of living light," the whole subsequent history of our 
planet 

" By these researches into the strata of the earth," ob- 
serves Mr. Lyell, " we acquire a more perfect knowledge 
of its present condition, and more comprehensive views 
concerning the laws now governing its animate and in- 
animate productions. The form of a coast; the con- 
figuration of the interior of a country ; the existence and 
extent of lakes, valleys, and mountains, can often be 
traced to the former prevalence of earthquakes and vol- 
canoes in regions which have long been undisturbed. To 
these -remote convulsions, the present fertility of some 
districts, the sterile character of others, the elevation of 
land above the sea, the climate and various peculiarities, 
may be distinctly referred. On the other hand, many dis- 
tinguishing features of the surface may often be ascribed 
to the operation, at a remote era, of slow and tranquil 
causes, to the gradual deposition of sediment in a lake or 
in the ocean, or to the prolific increase of testacea and 
corals." 

It was not until the year 1807, that any efibrt worthy 
of notice was made for the development of American 
mineralogy or geology. In that year, William McClure, 
who had previously examined and explored most of the 
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great geological fields of Europe, commenced, singie- 
handed, the Herculean task of tracing out and delineating 
the great features of our rock-formations, which he at 
length, patiently and perseveringly accomplished, having 
crossed the Allegany moimtains in no less than fifty difi*er- 
ent places. In 1816, Professor Cleaveland published his 
work on mineralogy and geology; and, in 1818, the 
American Journal of Science, a work which, up to the 
present period, has so essentially and perseveringly con- 
tributed to the elucidation and development of every 
branch of natural science, was established by Professor 
Silliman. In 1824, Professor Eaton completed a survey 
of the entire route of the Erie canal, under the direction 
and at the sole expense of the Hon. Stephen Van Rens- 
selaer, of Albany. Since that period, most of the state 
governments have authorized and prosecuted, through the 
agency of the most scientific geologists and naturalists, 
full geological surveys of their respective territories: 
embracing in the aggregate an area of upward of seven 
hundred thousand square miles ; and including, in many 
instances, zoological, botanical, chymical, paleontological, 
and topographical information of the greatest value and 
importance. 
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PART II. 
GENERAL PRINCIPLES OF GEOLOGY. 

The principal elements of geological science are the 
extent of the formations of which it treats ; their arrange- 
ment into layers or strata ; the mineral character of the 
rocks of which they are composed ; and the fossil organic 
remains which ahound in all except the lowest strata. 

" Our present continents, with their mountains, were 
formed at the bottom of the ocean ; and our hardest rocks 
were once sand, and gravel, and mud — derived from the 
wearing down of land no longer in existence. Land has 
been converted into sea, and sea into land, and land again 
into sea. The same portions of the earth's surface have 
been subjected to repeated oscillations, so as to be alter- 
nately above and below the ocean level. As the various 
strata and collections of strata are not continuous over all 
the earth, but local, interrupted, confined in point of 
space, and separated from each other by intervening 
strata, and formations of a different character on the 
same plane, the probability seems to be that they never 
formed one continuous synchronic deposite over the whole 
surface of the earth ; but took place successively, as the 
causes preceding and producing them were in readiness 
for the exertion of their force." 

The leading doctrines which distinguish the geology of 
the present day are, 

1. That of the sedimentary origin of the stratified 
3* 
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rocks, and the existence of natural formations, or groups 
of strata in a certain order of superposition. 




The germ of this great doctrine is believed to have 
originated with Lehman ; but its principal developments, 
in connexion with the important principle that the groups 
of secondary and tertiary strata are distinguishable by the 
fossils which they respectively contain, are due to the 
investigations of William Smith, toward the close of 
the last century, in England, and of Cuvier and Brong- 
niart, soon after the commencement of the present cen- 
tury, in France. 

2. That of the igneous origin of the unstratified rocks, 
and of the injection of matter in a state of fusion at 
various and repeated epochs, among the sedimentary 
strata, producing a variety of changes in their structure 
and appearance. 

It is now regarded as established that the earth was 
either originally in a fluid state, or that, after the forma- 
tion of its material substratum, the whole of it was 
reduced to a fluid state by heat, while revolving on its 
axis, therefore, it would necessarily assume, as the result 
of the mutual attraction of its parts and of its rotatory 
motion, its present form of an oblate spheroid, flattened 
at the poles, and bulging out at the equator. By the slow 
and gradual disengagement, in the form of gaseous vapors, 
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of this intense heat, the surface is supposed, in process 
of time, to have cooled and indurated, surrounded on all 
sides by an atmosphere, composed of that portion of the 
gaseous substances generated by these exhalations which 
had not been precipitated in the shape of water. From 
the phenomena presented by the transition strata, it seems 
probable that at this early period the globe was encircled 
with this latter element. 

The crust of the earth is found, as has been heretofore 
stated, to be composed of certain contiguous layers or 
strata, each distinguishable from the other, and in their 
relative arrangement, following a fixed order. Some of 
these strata are, in particular localities, wanting; and 
they vary considerably in depth. The aggregate thick- 
ness of these layers is commonly estimated at ten miles ; 
and it is only by the outlying of their edges, in different 
localities, and at different elevations, their mineral char- 
acter, and the fossils which they respectively contain, that 
we are enabled to ascertain the series to which they be- 
long, their relative age, and the nature of their formation. 
The order of superposition which the entire strata, com- 
posing the earth's surface, ordinarily present, is frequently 
interrupted : strata belonging to a particular period of 
time and order of succession, being absent ; as, for instance, 
in our own country, portions of the secondary and tertiary 
formations of Europe, which, there is reason to believe, 
never had an existence with us: and other portions in 
different localities, washed away by deluges and floods : 
but the strata, of recent formation, are never found under* 
neath those of an older date. Granite, and formations of 
igneous origin, constitute, as will hereafter be seen, an 
exception, imder certain circumstances, to this general 
principle. 

Notwithstanding subsequent dislocations, from cata- 
clysms or other causes, may frequently have contributed to 
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interrupt the continuity of strata over wide surfaces, the 
general feature by which they are distinguished, in every 
region of the globe, is confined localityy and successive, 
rather than simultaneous deposition. In some districts, 
large masses, consisting of numerous strata, have been 
apparently rent asunder, and assumed different relative 
elevations, by the depression of one portion, ot the up- 
heaving of another, so that the same strata, instead of 
presenting a continuous development, are found at differ- 
ent heights. In others, we find entire ranges of moun- 
tainous formations, thrown out of the perpendicular, and 
inclined at a considerable angle, the result, apparently, 
and probably, of sudden and powerful dislocation, by the 
action of subterranean convulsions. 

One of the fundamental propositions of modern geology 
consists in the doctrine of the elevation of the land, in op- 
position and contradistinction to the lowering of the sea. 
As the science advanced, it became evident that certain 
portions of the globe had been alternately sea and land ; 
then perhaps an estuary, gulf, or bay ; then sea again ; and 
lastly, once more habitable land : having remained in each 
of these conditions for considerable periods of time ; while, 
on the other hand, there is no evidence from human expe- 
rience of a lowering of the general level of the sea in any 
region : nor can the*waters of the ocean sink in one place 
without a general depression of their level throughout the 
globe. 

The tests of relative age, and the means of identifying 
contemporaneous portions of the same groups in the aque- 
ous classes of rocks, are superposition, mineral character, 
and fossils : the uppermost in a series of horizontal strata 
being the most recent, and the lowest the most ancient ; 
so that, to use the beautiful illustration of Mr. Lyell, " a 
series of sedimentary formations are like volumes of histo- 
ry, in which each writer has recorded the annals of his 
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own times, and then laid down the book, with the last 
written page uppermost upon the volume in which the 
events of the era immediately preceding were communi- 
cated. In this manner a lofty pile of chronicles is at 
length accumulated ; and they are so arranged as to indi- 
cate, by their position alone, the order in which the events 
recorded in them have occurred." The adoption of this 
principle of superposition is one of the chief characteris- 
tics of modern geology ; and much of the astonishing prog- 
ress of the science during the last half century may be as- 
cribed to its continued application. It has been ascer- 
tained, by the most extensive examination, that while the 
same fossils prevail through very considerable spaces in a 
horizontal direction, we seldom meet with the same re- 
mains vertically, or in a line transverse to the stratifica- 
tion, for many fathoms together, however similar, in a 
mineralogical point of view, may be the composition of 
the beds. " These facts," observes Mr. Lyell, " have led 
to the conviction that at successive periods of the past, the 
same area of land and water has been inhabited by species 
of animals and plants as distinct as those which now peo- 
ple the antipodes, or which now coexist in the arctic, tem- 
perate, and tropical zones. It appears that, from the remo- 
test periods, there has ever been a coming-in of new organic 
forms, and an extinction of those which pre-existed on the 
earth — some species having endured for a longer, others 
for a shorter time — but none having ever reappeared after 
once dying out. And this circumstance it is which con- 
fers on fossils their highest value as chronological tests." 
The agency both of fire and water in the formation of 
the rocks which compose the crust of the earth is now uni- 
versally conceded, as well as the fact that a similar pro- 
cess is now in course of operation for the production of 
similar results. The materials thus produced are known 
to be arranged in a determinate order. The masses of 
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g^ranite on which they rest were once unquestionably in a 
state of igneous fusion ; and are by some regarded as hav- 
ing, by a slow and gradual progress, cooled on the surface 
of an incandescent globe, and by others as the fused and 
reconsolidated materials of older sedimentary strata ; their 
base consists of crystalline masses, frequently piercing 
through the superincumbent beds, passing by insensible 
gradations of composition into known igneous products, 
and producing the same effects on the sedimentary rocks 
with which they come in contact 

These granite rocks are succeeded in the order of su- 
perposition by crystalline strata, destitute, like them, of 
organic remains, and exhibiting indications of sedimentary 
deposites. They graduate, on the one hand, into the slate 
series, of decided aqueous formation ; and, on the other, 
into granite rocks, apparently of igneous origin. Their 
origin is by some referred to the decomposition and degra- 
dation of the first granite crust, and the absence of organic 
remains is accounted for by the imcongenial condition of 
the primitive ocean in which they were deposited to the 
sustentation of living beings of any kind ; while others sup- 
pose that such remains may have originally existed — the 
relics of a former period — ^and that they disappeared du- 
ring the process of fusion to which the earlier fossiliferous 
strata were subjected, and which resulted in the formation 
of granite. 

These formations are succeeded by a vast series of strati- 
fied rocks similar in their composition to the aqueous de- 
posites now in process of formation at the mouths and 
deltas of large rivers and in the beds of inland seas, abound- 
ing with shells and corals, and containing plants and other 
terrestrial remains, swept down from the land ; each series 
aflfording unquestionable evidence of having successively 
constituted the bed of the sea, and exhibitmg the organic 
forms which were in existence during its deposition. This 
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series has been divided by geologists into distinct groups, 
distinguished by peculiarities of fossil remains, presenting 
in general a marked analogy to existing races, though sus- 
ceptible of distinct classification in the minor details of 
their structure and organic formations. Many of the re- 
mains found in the lowest of these strata are of an entirely 
different race from any now existing ; and the resemblance 
to existing genera and species is gradually discoverable in 
the ascending order of the series. That the composition 
of these rocks, thus produced by the deposition of the crum- 
bling fragments of an older series, and their arrangement 
into successive and numerous layers — the growth of the 
organic remains which they contain — the alternations of 
sandstones with clay and limestones — of lava-currents with 
aqueous deposites — of strata enclosing trees, the accumu- 
lated vegetation of centuries of extraordinary fertility, with 
others of maritime origin — must have been the result of 
ages upon ages preceding the appearance of the human 
race upon the globe, must be conceded by all. " "When 
we trace numerous repetitions of these alternations," ob- 
serves Mr. Trimmer, " through formation after formation, 
and system after system ; when we see that rocks formed 
by this slow process have been consolidated and broken 
up — their fragments, containing fossil remains, reconsoli- 
dated into conglomerate rocks — those conglomerates again 
broken up and again consolidated ; and lastly, when we 
contemplate the gradual change of organic types from the 
oldest to the most recent strata, every candid inquirer must 
admit that the few thousand years during which the hu- 
man race has been placed upon the earth, dwindle into 
insignificance compared with the time required for this 
succession of events." Nor does this view of the subject 
at all conflict with the sacred records of creation, when 
examined in the genuine* spirit of sound Christian philoso- 
phy, unfettered by preconceived opinions. 
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The greater part of the dry land whose structure has 
hitherto been investigated is found to he composed either 
of the fossiliferous strata ahove adverted to, or of igneous 
rocks which have burst through them ; and from the bro- 
ken, contorted, and inclined appearance of these strata, 
their elevation above the bed of the sea, where they were 
originally deposited, is clearly attributable to the effect of 
subterranean forces, which, acting along certain lines and 
in a determinate direction, have suddenly, violently, and 
at successive epochs, upheaved those igneous rocks which 
constitute the central axis of the existing mountain-chains ; 
while, by a more general and perhaps gradual expansion, 
other extensive strata, containing organic remains, have 
been raised often to great heights above the level of the 
sea, with very slight disturbance of the horizontal position 
in which they were originally deposited. The subterra- 
nean forces thus operating in the production of existing 
continents and mountain-chains, are evidently of the same 
nature with those which in a modified sphere are con- 
cerned in the production of the varying phenomena of 
earthquakes and volcanoes. 

The various attempts which have from time to time 
been made to frame a theory of the earth, have brought 
into view two diametrically opposite opinions : the one 
representing the course of nature as uniform, from the be- 
ginning of time to the present day — the causes operating 
in the production of change having acted with equal inten- 
sity at all periods of the earth's history ; the other account- 
ing for the present condition of things by the intervention 
of sudden and violent catastrophes, and the operation of 
agents of a more powerful nature, both in kind and in de- 
gree, than any with which we are now acquainted. " Ge- 
ologists who held the latter opinion, maintained," ob- 
serves Mr. Whewell, in his " Philosophy of the Inductive 
iences," " that the forces which have elevated the Alps 
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or the Andes to their present height, could not have been 
any forces which are now in action ; they pointed to vast 
masses of strata, hundreds of miles long, thousands of feet 
thick, thrown into highly-inclined positions, fractured, dis- 
located, crushed ; they remarked that upon the shattered 
edges, of such strata they found enormous accumulations 
of fragments and rubbish, rounded by the action of water 
so as to denote ages of violent aqueous action ; they con- 
ceived that they saw instances in which whole mountains 
of rock, in a state of igneous fusion, must have burst the 
earth's crust from below ; they found that, in the course of 
the revolutions by which one stratum of rock was placed 
upon another, the whole collection of animal species which 
tenanted the earth and seas had been removed, and a new 
set of living things introduced in its place ; finally, they 
found above all the strata vast masses of sand and gravel, 
containing bones of animals, and apparently the work of 
a mighty deluge. With all these proofs before their eyes, 
they thought it impossible not to judge that the agents of 
change by which the world was urged from one condition 
to another, till it reached its present state, must have been 
more violent, more powerful, than any which we see at 
work around us. They conceived that the evidence of ca- 
tastrophes was irresistible." This formidable array of 
proofs has, however, in the judgment of by far the greater 
number of the most eminent modem geologists, been met 
and overcome by showing, to use the language of the same 
author, " that the sudden breaks in the succession of strata 
were apparent only — the discontinuity of the series which 
occurred in one country being removed by terms interposed 
in another locality ; by urging that the total effect produced 
by existing causes, taking into account the accumulated 
result of long periods, is far greater than a casual specula- 
tor would think possible ; by making it appear that there 
are, in many parts of the world, evidences of a slow and 
4 
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imperceptible rising of the lands, since it was the habita- 
tion of now-existing species ; by proving that it is not uni- 
versally true that the strata separated in time by supposed 
catastrophes contain distinct species of animals ; by point- 
ing out the limited fields of the supposed diluvial action ; 
and finally by remarking that, though the creation of spe- 
cies is a mystery, the extinction of them is going on in our 
own day. Hypotheses were suggested by which it was 
conceived that the change of climate might be explained, 
which, as the consideration of the fossil remains seemed to 
show, must have taken place between the ancient and the 
modem times. In this manner, the whole evidence of ca- 
tastrophes was explained away ; the notion of a series of 
paroxysms of violence in the causes of change, was repre- 
sented as a delusion arising from our contemplating short 
periods only in the action of present causes : length of time 
was called in to take the place of intensity of force ; and it 
was declared that geology need not despair of accounting 
for the revolutions of the earth, as astronomy accounts for . 
the revolution of the heavens, by the universal action of 
causes which are close at hand to us, operating through 
time and space, without variation or decay." It was, more- 
OfV«r, urged that it is highly unphilosophical to assume that 
die causes of the geological events of former times were 
of a difi'erent kind from those now in action, provided the 
latter are in themselves adequate to explain the facts. Al- 
ternations of activity and repose in volcanoes, and the oc- 
casional intervention of earthquakes, deluges, and storms 
of unusual or long-protracted violence, may indeed be called 
in to vary the uniformity of existing elements of change ; 
but these are agents of whose existence and power we are 
fully aware; and they are therefore not to be included 
among those extraordinary and inconceivable catastrophes 
which are resorted to by the advocates of the doctrine 
above referred to. 
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It is conceded on all hands that the strata of the earth's 
crust were deposited iinder water as soft sediment, accu- 
mulated layer upon layer, and then hardened by a natural 
process into rock. First and deepest, we find beds of the 
rock called gneiss, composed of the same elements, essen- 
tially, with granite, on which it rests, and to the flexures 
and cavities of which it fits so accurately, as to evince 
its deposite in a soft, semi-fluid state. Its elements are 
changed, in shape and disposition, from those which com- 
pose the granite, precisely as might be expected from the 
action of water in suspending, floating, and then precipi- 
tating them in laminae and beds of greater thickness. 
Over the gneiss come the beds of mica-schist and slate, 
evincing the same fact of deposite from suspension in a 
fluid. The same observations apply to the numerous beds 
of siliceous, slaty, and limestone aggregates, the sandstone, 
chalk, and clay, and finally to the beds of detritus and al- 
luvium constituting the tertiary series and the formations 
above them. 

An examination of the earth's surface shows that it is 
formed of numerous layers or strata of rocks, for the most 
part horizontally disposed, the greater portion of which 
contain fossil organic remains, chiefly of marine origin ; 
from which the inference is irresistible that the ocean 
must, at some former period of considerable duration, have 
covered the highest existing mountain-peaks on which 
these remains have been found. Many of the more an- 
cient strata have, by the operation of subterranean convul- 
sions, been thrown, as has heretofore been remarked, into 
a highly-inclined and sometimes nearly vertical position. 
Upon these, subsequent formations have accumulated, pre- 
senting the appearance of horizontal strata resting upon 
inclined. The rocks composing these various formations 
are not only of difl'erent composition, but contain the re- 
mains of races of animals and species of plants distinct 
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as well from each other as from those now known to be in 
existence. There are between thirty and forty distinctly- 
defined layers or strata of different mineral structure, lying 
upon each other, and so arranged as to occupy a certain 
and uniform order of succession. All the members of this 
order are not, indeed, to be found in any particular locali- 
ty, but the order of position is never violated. Any mem- 
ber, or several members of the series, may be absent ; but 
the residue will uniformly be found to retain their relative 
position, with reference to the whole, in precisely the same 
manner as though the entire series were present. Mount- 
ain-ranges frequently consist of a ridge of subjacent rock, 
on which occur, on each side, sloping strata. This ridge 
is technically termed an anticlinal line, the sloping strata 
of which present their escarpments or steep edges to this 
axis. In mining countries, the veins containing the ore 
usually compose a system of parallel and nearly-vertical 
partitions in the rock, and are frequently intersected by 
another system of veins parallel to each other, and nearly 
perpendicular to the former. Faults oi fissures ofter pre- 




sent themselves, where the rock on one side appears to 
have been originally a continuation of that on the other 
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and to have been subsequently shoved aside, or up and 
down. In addition to these larger fractures, rocks occa- 
sionally exhibit the phenomena of jointSy or a tendency to 
separate in particular directions, and of a slaty cleavage^ 
in which the parallel subdivisions produce a succession of 
lamina of indefinite thinness. 

The agency employed in elevating the solid frame- 
work of the earth, above the level of the ocean, and 
giving to it those various modifications of surface of such 
paramount importance to organic nature, are, first, the 
expansive power of internal heat ; and, secondly, the ac- 
tion of water, constantly engaged in decomposing its 
prominent parts, and redistributing their materials in 
stratified beds within the valleys scooped out by its course. 
These antagonizing forces originally produced, and con- 
tinually maintain, that endless variety of form and compo- 
sition in the mineral masses of the earth's surface to 
which its animal and vegetable inhabitants are so greatly 
indebted. The one has given origin to that series of 
rocks which are unstratified and crystalline, having been 
protruded in a state of igneous fusion : the other has given 
rise to the immense aggregation of stratified and alluvial 
rocks, composing the greater part of its dry surface, al- 
though from the marine remains they contain, it is clear 
they have mostly been deposited beneath the ocean, and 
subsequently elevated by the expansive power of subter- 
ranean heat. Two theories contend for the explanation 
of this latter force — that of central heat, which supposes 
the nucleus of the globe to have always been at an intense 
temperature, and probably fluid ; the cooling of the sur- 
face having first formed the solid crust, and then in its 
inward progress broken and convulsed it ; and the chjrmi- 
cal theory, which supposes the nucleus to be composed 
of the metallic bases of the earth ; the phenomena of 
heat, eruptions, and elevatory expansions, being caused by 
4* 
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the oxydation of these substances by water or air pene- 
trating through clefts in the superficial rocks. That this 
powerful subterranean agency is the same in substance 
which characterizes the phenomena of thermal springs 
and volcanoes, and of the protrusion of granite and trap 
rocks, is understood to be universally conceded ; as also, 
that its generation is due to the expansive power of that 
heat to which the crust of the earth is everywhere more 
or less subjected. Its general and constant action is 
amply attested by the prevalence of incandescent lava 
beneath the apertures of volcanoes ; by hot springs and 
discharges of steam from the minor fissures of the earth ; 
by the appearances of fusion which the crystalline rocks 
present ; and by the gradual increase of temperature per- 
ceptible in mines, in descending below the surface. At 
this point, however, opinions widely diverge; and no 
sufficient data yet exists for the satisfactory solution of 
this perplexing problem. "We are, therefore, obliged," 
says Mr. Trimmer, " to rest satisfied with the knowledge 
of the undisputed fact, that the solid crust of the earth is 
subject to the more or less constant and general commu- 
nication of intense heat from below, whereby many of the 
rocks of which it is composed, are variously altered in 
their mineral composition and character — expanded, frac- 
tured, displaced, and protruded, sometimes in a solid, 
sometimes in a liquefied state, at a white heat ; and in 
that state discharging various gases and vapors." The 
changes now constantly occurring on the earth's surface, 
are imquestionably attributable both to igneous and aque- 
ous agency. Among the former, are to be classed the 
earthquake and the volcano ; and among the latter, the 
action of frost, rain, torrents, rivers, waves, and currents, 
in wearing away the solid parts of the earth, and in car- 
rying off and depositing the matter thus abstracted, at 
the bottoms of rivers, valleys, the beds of lakes, or the 
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floor of the ocean. Basalt, and the other trap rocks, are 
so similar in structure, with the lava ejected from volca- 
noes, as to leave no doubt of their origin from the action 
of subterranean fire. The experiments of Sir James 
Hall, in this interesting department of geological and 
mineralogical inquiry, have shed a flood of light on the 
principles connected with igneous action, under great 
pressure; 

" From a careful study of the efi*ects of heat under 
difierent circumstances," says Mr. Phillips, in his Treatise 
on Geology, "it seems probable that the granitic rocks, 
which are the lowest of the primary series, owe their 
present condition and appearance to the efi*ect of general 
or partial fusion. Above this granitic series, we find the 
effects of water. Many of the primary, therefore, and 
all of the secondary rocks, owe their present appearances 
and arrangements to the action of water — exhibiting the 
results both of agitated and of tranquil waters ; mechani- 
cal aggregates, sedimentary deposites, and chymical pre- 
cipitates, in frequent repetition. This circumstance, com- 
bined with the discoveries of organic remains, teaches us, 
that, during a long period, the sea flowed, rich in living 
beings, over rocks which contained no relics of life — vary- 
ing its deposites at diff*erent periods, yet preserving a 
general conformity of arrangement from the oldest to the 
most recent, and a similarity over large regions. The 
aquatic animals and other remains which are entombed 
in the earth, exhibit a long series of beings whose origin 
dates from some of the earliest strata, and whose forms, 
differing according to the antiquity of the rocks, succes- 
sively approach the modem productions of the land and 
the ocean. During this process, at intervals, vegetable 
forests, swept into estuaries or lakes, furnished the ma- 
terials of coal, and the intermitting action of submarine 
volcanoes frequently broke the consolidated strata, and 
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formed basaltic and other overlying rocks. At times, too, 
more violent exertions, probably of the same nature, up- 
lifted groups and ranges of mountains with great dis- 
ruption and dislocation. Those operations appear, how- 
ever, to have been gradually weakened : and when the 
last series of the secondary beds, partly marine and partly 
lacustrine, was deposited, a large portion of the rocks 
previously consolidated became tenanted by land animals. 
But again the waters returned, and overflowed the inhab- 
ited world, removed rocks, excavated valleys, and destroyed 
the terrestrial inhabitants." 

" I concur," observes Baron Cuvier, " with the opinion 
of M. De Luc and Dolomieu, that if there be anything 
determined in geology, it is that the surface of our globe 
has been subjected to a vast and sudden revolution, not 
further back than from five to six thousand years; that 
this revolution has buried, and caused to disappear, the 
countries formerly inhabited by man, and the species of 
animals now most known ; that, on the other hand, it 
has left the bottom of the former sea dry, and has formed 
upon it, the countries now inhabited ; that, since this 
revolution, those few individuals whom it spared, have 
been spread and propagated over the lands newly left dry, 
and consequently, it is only since this epoch that our so- 
cieties have assumed a progressive march, formed estiib- 
lishments and combined systems. But the countries now 
inhabited, and which the last revolution left dry, had been 
before inhabited, if not by mankind, at least by land ani- 
mals; consequently, one preceding revolution, at least, 
had overwhelmed them with water; and, if we may 
judge by the difi*erent orders of animals whose remains 
we find therein, they had, perhaps, undergone two or 
three irruptions of the sea." 

An able writer in the Southern Review, for Nov., 1831, 
speaking of the last of these great irruptions, says, << How 
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came these waters so suddenly to overflow? Did the 
moon change her relative position as to the earth, or was 
the direction of the pole altered, with respect both to the 
sun and moon, so as to whelm that portion of land beneath 
the sea, which had been previously inhabited, and by 
placing this region at the same time more remote from the 
influence of the sun, bind it thenceforward in perpetual 
ice ? That some such event did occur, and that it must 
have been caused by some such extraordinary means, we 
can not doubt May not this have been the time, sup- 
posing man to have previously existed, when the pole of 
the earth's axis became inclined to the plane of the 
ecliptic, and the change of season commenced, the earth 
not being habitable but in part, before this? May not 
the then habitable part of the earth have enjoyed a more 
delightful climate than the present, on that very account ? 
And may not this superior climate have been the cause of 
the longevity of the antediluvian? There is nothing 
very improbable in the suggestions." 

The unstratified rocks of igneous origin consist of a 
variety of minerals, chiefly crystallized, and which appear 
to have been formed by fusion of the original mass of 
which they were composed. In some instances, the in- 
strumentality of both igneous and aqueous agency is 
manifest, the rock having apparently been originally 
formed in strata or layers, and subsequently crystallized by 
the acticHi of subterranean heat. Mr. Lyell denominates 
this description of rock metamorphic or altered, Un- 
stratified rocks are generally divided into three distinct 
classes — plutonic, trap, and volcanic. The plutonic rooks 
are those which appear to have been formed by the action 
of intense heat at a great depth in the interior of the 
earth, and to have gradually cooled under the pressure of 
the superincumbent rocks. The principal rock belonging 
♦o this class is granite. Until recently, this rock was be- 
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lieved to be more xincient than any of the stratified forma- 
tion ; but it is now ascertained that granitic veins have, at 
different eras, subsequent to the deposition of the superin- 
cumbent strata, forced their way upward, through . masses 
of overlying granite, and stratified rocks containing or- 
ganic remains ; and it usually happens in such cases that 
the intensely-heated granite is found to have wholly or 
partially dissolved these rocks, and thus rendered them 
metamorphic. Trap rocks are formations chiefly derived 
from volcanoes long since extinct ; and the difference in 
composition and appearance between these and the rocks 
termed basaltic and volcanic, has been generally attributed 
to the different manner in which they were cooled ; the 
former being supposed to have been deposited at the bot- 
tom of the ocean, and the latter on land, where, by ex- 
posure to the atmosphere, it has been hardened and con- 
densed. 

V Igneous rocks are frequently found interspersed among 
the primary stratified rocks, in many parts, beds and 
veins of granite passing up into the superincumbent de- 
posites. 




Rocks belonging to the trap formation have also forced 
their way among these stratified rocks, either in irregu- 
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lar masses of great extent, or in large and consolidated 
veins or dikes. 

" The crystalline formation," says Mr. Lyell,- " siich as 
granite and gneiss, were termed primitive and primary, 
by some of the earlier observers, because in each district 
they are the lowest in geological position. Jt is now un- 
derstood, in regard to granite, syenite, and the unstratified 
class, that they are of various ages, often newer than fos- 
siliferous strata, and that it by no means follows that they 
were first in the order of time, because they are inferior 
in position. Paradoxical as the first statement of this 
proposition appears, it is now acknowledged that the 
superstructure is often older than the foundation on which 
it rests, the latter having been forced up subsequently from 
below, either in a solid form, or more frequently like lava 
in a volcano. ^ It is also now admitted, in direct contra- 
diction to all preconceived opinions, that many stratified 
hypogene formations, the gneiss, mica schist, talcose 
schist, and saccharine marble of the Alps, Apennines, and 
other districts, have assumed their crystalline texture, 
after the origin of many of the fossiliferous strata, even in 
some cases, long after the deposition of those which re- 
pose directly upon them. Nevertheless, if we confine the 
term primary to all rocks which we can prove to be of 
older date than strata in which organic remains have yet 
been discovered, and all the crystalline rocks found for a 
considerable space on every side of the points where the 
lowest strata charged with fossils are incumbent upon the 
non<-fossiliferous formations, we shall be liable to little 
error. 

"However firmly we may be convinced that subter- 
ranean causes, connected with the development of internal 
heat, have operated with great and perhaps nearly uni- 
form intensity at each successive geological period of 
equal duration, we must still be prepared to find that by 
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far the largest portions of the visible hypogene rocks are 
of high relative antiquity to the foesiliferous deposites. 
This must happen, if we are correct in assuming that the 
crystalline rocks, whether stratified or unstratified, have 
been formed originally, at considerable depths in the crust 
of the earth : for in that ctise, a long period of time must 
have elapsed after their origin, before they can have been 
brought up within the sphere of human observation. 
There must have been great upheaval and denudation to 
cause them to emerge, even in a smgle district ; but it 
must require a series of geological epochs before those 
formed at a given era of the past can have become gener- 
ally exposed at the surface. A repetition of one series of 
elevatory movements after another must have taken place 
in difi*erent areas, accompanied by denudation ; and while 
such forces are acting, the deposition of new strata is 
going on, and the pre-existing crystalline rocks are be- 
coming relatively rude and more ancient." 

The primitive chains of mountains are believed to be 
parts of the solid nucleus of the earth, upheaved by the 
earthquakes and volcanoes, which then shook the globe. 
Cuvier, Buckland, and other eminent geologists, are dis- 
posed to attribute these phenomena to the operation of 
convulsions far more powerful than any which are now 
active on the surface of the earth, and believe that the 
internal fires by whiph they were produced have in a great 
measure spent their forces, and are no longer capable of 
producing equal changes in future. Mr. Lyell, and the 
disciples of Hutton, on the other hand, assert that natural 
agents are now in operation — such as earthquakes, volca- 
noes, rivers, inundations, &c., fully competent to the ac- 
complishment of these results in the past ^history of the 
globe, and to the production of future revolutions of equal 
magnitude and importance and requiring the presence of 
equal energies. The broken and uneven character of the 
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secondary strata, and the projection through them of por- 
tions of the priiiUMy» are supposed to indicate the fre- 
quency of these convulsions at the period of their forma- 
tion ; while the presence of marine deposites in the upper 
series show a renewed return of the ocean over the land, 
destroying its existing inhabitants, and remaining for a 
sufficient length of time to permit the deposition of the 
secondary, and part of the tertiary strata, when its reces- 
sion is again indicated by the remains of terrestrial ani- 
mals of a more perfect organization than any which had 
yet appeared. 

"From the remotest epoch in the earth's physical his- 
tory recognisable by man," observes Mr. Mantell, in his 
Wonders of Geology, " to the present time, the mechani- 
cal and chymical laws which govern inorganic matter 
appear to have undergone no change. The wasting away 
of the solid rocks by water, and the subsequent deposi- 
tion and consolidation of the detritus by heat ; the subsi- 
dence of the dry land beneath the sea, and the elevation 
of the ocean bed into new islands and continents ; the 
decomposition of animal and vegetable substances on the 
surface, and their conversion into stone or coal, under cir- 
cumstances in which the gaseous principles were con- 
fined ; the transmutation of mud and sand into rock, and 
of earthy minerals into crystals ; these physical changes 
have constantly been going on under the influence of those 
fixed and immutable laws established by Divine Provi- 
dence, for the maintenance and renovation of the uni- 
verse." — " If we extend our views beyond the limits of 
strict induction, and venture to speculate on the condition 
of our globe in the dawn of its existence, the theory of 
Liebnitz, which assumes the original nebular condition of 
the solar system, a former incandescent state of this 
planet, and its gradual refrigeration seems to be the only 
5 
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hypothesis in harmony with the present state of astronom- 
ical and geological science." 

This hypothesis has been adopted by some of the most 
eminent philosophers of modern times. It accords with 
the astronomical speculations of Sir William Herschel 
and La Place, respecting the condensation of the solar 
system from a state of gaseous expansion — has been adopt- 
ed by Cprdier as an explanation of volcanic phenomena, 
and by Fourier from mathematical calculations, and the 
rate of increase of the internal temperature of the earth in 
proportion to its depth. Humboldt has defined volcanic 
action as the influence exerted by the interior of the planet 
on its external covering during the difi'erent stages of re- 
frigeration ; and Elie de Beaumont has connected the doc- 
trine of secular refrigeration with his theory respecting 
the elevation of contemporaneous mountain-chains. This 
theory embraces the following points : — 

1. That in the history of the earth, long periods of com- 
parative repose, during which the d^osition of sedimen- 
tary matter went on in regular continuity, have been in- 
terrupted by short periods of paroxysm and violence ; 

2. That during each of these periods of disturbance, a 
great number of mountain-chains have been suddenly 
formed ; 

3. That all the chains of each paroxysmal period have 
a uniform direction — being parallel, or nearly so, to each 
other, and to a great circle of the sphere, while those of 
difi'erent periods are parallel to difi'erent circles ; 

4. Each period of disruption has accorded with a great 
change in organic types ; 

5. These paroxysmal disturbances, which have recurred 
at intervals from the remotest geological periods, may be 
renewed, and the existing state of repose broken by the 
sudden elevation of other parallel chains of mountains ; 

6. That it is probable that one of these convulsions has 
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occurred within the historic era, when the Andes were 
upheaved to their present height : that chain appearing to 
be the last elevated — being the best defined and least ob- 
literated feature on the present surface of the globe ; 

7. That the instantaneous upheaving of great mountain- 
chains from the ocean must cause a violent agitation of 
the waters ; and the rise of the Andes may perhaps have 
produced the transient deluge noticed among the traditions 
of all nations ; and — 

8. That these successive revolutions are not the results 
of ordinaly volcanic action, but may depend on the secular 
refrigeration of the heated interior of our planet. 

The doctrine of secular refrigeration affords a probable 
explanation of many geological phenomena, such as the 
universal prevalence of granite and the crystalline stratified 
rocks ; the temperature of the earlier climates as evinced 
by organic remains ; the general diffusion of that high tem- * 
peratur^, and its gradual decrease in later periods : while 
the several mountain-chains by which the surface has suc- 
cessively been ridged ; the long periods of ordinary action, 
separated apparently by short intervals of disturbance, and 
accompanied by irruptions of the s^a over the land — may 
all be attributed to the fracture and collapse of the external 
crust, accommodating itself to the contracting dimensions 
of the cooling nucleus. 

Granite is the fundamental rock on which all the other 
known rocks rest : although, from the dependence Of fis- 
sures filled with the richest deposites of ore on the prox- 
imity of granitic and other porphyritic rocks, it is evident 
that the substances which compose the materials of the 
trap and volcanic rocks ejected to the surface are deeply 
seated below the granite. 

The series of rocks containing organic remains is found 
to rest upon rocks which are destitute of them, and which 
1»ear evident traces of fusion. Such are the lowest rocks 
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with Which we are acquainted. Lower still, subterranean "^ 
fires are in full activity, giving rise to volcanoes and earth- 
quakes ; and from the great areas over which the shocks 
of the latter are simultaneously felt, we may reasonably 
infer that the source of internal fire is deeply seated. The 
mean density of the earth has been ascertained to be twice 
as great as tbat of the rocks at its surface ; and supposing 
the interior to be composed of materials equally compres- 
sible with those of which, the crust consists, the pressure 
to which the central parts are subject would cause the 
mean density to be much higher than it is found to be. A 
large portion of the interior must, therefore, it is inferred, 
be occupied by cavities, or must consist of less compressi- 
ble materials than the rocks at the surface — or there must 
be some expansive force within, capable of counteracting 
the efi*ects of pressure. Central fire may be, and probably 
is, this counteracting force. 

Mr. Lyell seems inclined to favor a theory which attrib- 
utes the folded and contorted structure of many of the 
mountain-chains, such as those of the Alleganies and oth- 
ers, to the subsidence, or sinking downward, rather than 
the expansion or forcing upward of a portion of the earth's 
crust. This hypothesis he regards as " simply a modifi- 
cation of one very popular with the earlier geologists, who 
ascribed the fractured condition of the most ancient rocks 
to the shrinking of the supposed original fluid nucleus of 
the planet, it being assumed that the earth passed gradu- 
ally from a state of fusion by heat to a solid condition. 
It was truly remarked that, during the process of congela- 
tion and contraction, the incumbent strata, or those first 
solidified, would sink and accommodate themselves to a 
narrow area, viz., the circumference of a spheroid of smal- 
ler diameter, and according to their difierent degrees of 
pliability or hardness, the beds would be bent or broken. 
When this theory was first propounded, all the disturb- 
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ances of the rocks were referred to a remote geological 
era, and supposed to have been nearly simultaneous. We 
have now ascertained that, on the contrary, they have been 
produced at a great variety of successiye epochs, and that 
some mountain-chains are very modern in the earth's his- 
tory in comparison with others. Nevertheless, the hy- 
pothesis may in a limited sense be quite sound : for we 
may imagine one part after another of the subjacent nu- 
cleus, underlying the thin coating or crust which we ex- 
plore geologically, to be melted by volcanic heat, and after 
expansion, to cool and become again consolidated, and col- 
lapse. The rocks would undergo some disturbance when 
they were first uplifted ; but when the heat was with- 
drawn, and contraction took place, there would be a still 
greater amount of dislocation, crumpling, and folding of 
the beds. All the elaborate mechanical explanations re- 
sorted to in illustration of the doctrine of a general con- 
traction, and a diminution in the size of the entire planet, 
may be applicable to the phenomena of strata, whether in 
plains or mountains, which have at successive periods be- 
come contorted within limited areas. We have only to 
substimte the partial liquefaction of the interior of the 
earth at moderate depths, for the primitive fusion of the 
entire incandescent nucleus, and to suppose that each local 
development of subterranean heat was followed by refri- 
geration, and we then discover a cause fully adequate to 
produce the fracture, plication, and lateral pressure of 
rocks^ at as many successive periods of the past as the 
facts now established in geology require. 

'' Nearly all mountain-chains can now be shown to have 
been like the Apalachians, of later date than the creation 
of organic beings. We also know that at each geological 
period characterized by the appearance of distinct races 
ofliving beings, the earth's surface, although for the most 
6* 
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part tranquil, has been in some regions the theatre of vol- 
canic eruptions." 

The temperature of the earth's surface depends princi- 
pally upon the influence of the sun, modified by various 
other causes, such as elevation above the mean level of 
the sea, distribution of land and water, and nature of the 
surface.' At a certain depth, nowhere exceeding one hun- 
dred feet, the variations of solar heat are unfelt, and a 
constant temperature prevails, which is about the same as 
that of the mean temperature of the surface. Below this 
point it appears, from experiments made on the tempera- 
ture of deep mines, and on the waters of Artesian wells, 
that, as we descend, the water, rocks, and air, grow con- 
tinually warmer to the comparatively small depths which 
have as yet been reached by man. The mean rate of in- 
crease is estimated byCordier at one degree of Fahrenheit 
for every fifteen yards of depth. 

Mr. Lyell is of opinion that instead of assuming the the- 
ory of original central heat, it would be more in accord- 
ance with ascertained facts to refer the interior heat of the 
earth to chymical changes constantly in operation beneath 
the surface ; the general efi'ect of chymical combination 
being the evolution of heat and electricity, which in their 
turn become sources of new chymical changes. The ex- 
istence of currents of electricity in the shell of the earth 
has been deduced from the phenomena of terrestrial mag- 
netism ; from the connexion between the diurnal variation 
of the magnet and the apparent motion of the sun ; from 
observations on the eleictro-magnetic properties of metal- 
liferous veins ; and from atmospheric electricity continually 
passing between the air and the earth. Subterranean elec- 
tric currents may, therefore, in his judgment, exert a slow, 
decomposing power, like that of the voltaic pile, and 
thus become a constant source of chymical action, and con- 
sequently of "(Volcanic heat. He also suggests that the met- 
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als of the earth and alkalies may exist in an oxydized state 
in the subterranean regions, and that the occasional con- 
tact of water with these metals must produce intense heat ; 
that the hydrogen evolved during the process of saturation 
may, on coming afterward in contact with the heated me- 
tallic oxydes, reduce them again to metals ; and that this 
circle of action may be one of the principal means by 
which internal heat and the stability of the volcanic ener- 
gy are preserved. 

Conceding the igneous fusion of the interior mass, the 
occasional admission of water, its decomposition into its 
constituent elements, oxygen and hydrogen, and the vio- 
lent agency of steam will in his judgment abundantly ac- 
count for those volcanic ejections, earthquakes, disruptions, 
displacements, deluges, and cataclysms, which must have 
been of great frequency and violence during the early part 
of the earth's existence, and while its crust was compara- 
tively thin : and which seem to have been continued, in 
fearful succession, within the period to which history and 
tradition extends. The two hundred volcanoes known to 
have been in occasional activity within that period, inclu- 
ding in this estimate those in the Pacific ocean and in the 
eastern archipelago, serve, in this view of the subject, as 
outlets to the vapors and gases, which would otherwise 
produce the same kind of devastations to which the sur- 
face of the globe furnishes so many indubitable attesta- 
tions. The primary causes of the volcano and the earth- 
quake are, to a great extent, the same, and are doubtless 
connected with the passage of heat from the interior to the 
surface of the earth. 

The bottom of the former ocean must, according to this 
theory, have been raised by a force underneath, similar to 
the action of water let into the igneous abyss, and sudden- 
ly decomposed, or converted into steam. " These upheav- 
ings do not appear to have been simultaneous through the 
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whole earth, but to have happened frequently, first in one 
part, then in another, according to the subterraneous lo- 
cality of their causes. The islands in the Grecian archi- 
pelago enumerated by Pliny, and subsequently Stromboli, 
Lipari, and Volcano, in Italy, were doubtless produced in 
this manner. Instances of volcanic eruption at the bottom 
of the ocean are not unfrequent. From the discovery of 
-numerous strata of marine deposites above ancient beds of 
lava, and of others intermixed with isolated fragments of 
volcanic substances, it has been reasonably inferred that 
these fires must have comnienced when their source was 
below the surface of the water. The consequence of this 
upheaving of parts of the ocean's bed, at various limes and 
in various places, was, the throwing of the ocean-waters 
with great force and violence over the adjacent regions, 
producing those numerous deluges, cataclysms^ and deba- 
cles, which rendered the granitic region fit for future vege- ' 
tation. To this cause is likewise to be attributed the va- 
rious granitic peaks and high mountains, and the marks 
of destructive subversion so fatal to the origuial plants and 
animals of a former world, and the deluges of such fre- 
quent occurrence in the early history of the globe." 

Von Humboldt, in his remarks on the linear distribution 
of volcanoes, seems to have regarded them ^s vents placed 
along the edge of vast fissures, communicating with reser- 
voirs of igneous matter, and extending across entire conti- 
nents. He observed, also, the intimate connexion and fre- 
quent apparent sympathy of the action of volcanoes and 
earthquakes. 

From existing volcanic vents, in conjunction with those 
now extinct or dormant, and from the evidences of regular- 
ly-increasing heat in all the rocks, until we reach the re- 
gion of permanent internal fires, varying in position and 
intensity, we arrive by an intelligible process at the igne- 
ous origin of the primary or unstratified rocks of granitic 



GENERAL FRINCIFLES OF GEOLOGY. 57 

Structure. Ascending in the chronological order of the 
strata, we next reach the formations containing the fossil 
remains of the marine animals which occupied the earliest 
seas of whose existence we have any traces. Following 
the continued succession of their developments through 
the range of stratified rocks replete with the evidences of 
animal and vegetable life, each series presenting a distinct 
and clearly-marked character, we finally reach the present 
order of things — the commepcement of the historical era — 
the last in the order of creation. "We have accom- 
plished," says Mr. Whewell, " a vast store of facts of ob- 
servation,- and have labored with intense curiosity, but 
hitherto with very imperfect success, to extract from these 
facts a cleai^ and connected knowledge of the history of 
the earth's changes. Nearly the same was the condition 
of astronomy at the time of Kepler, when the accumulated 
observations of twenty centuries resisted all the attempts 
of that ingenious man and his contemporaries to construct 
a science of physical astronomy. But, though checked by 
such failures, they were not far from success : and when, 
for the next succeeding century, philosophers had employed 
themselves in creating a distinct science of dynamics, the 
science of physical astronomy, full and complete, made its 
appearance, as if it were a matter of course* and thus 
showed the wisdom of separately cultivating the study of 
causes and the classification of facts." — " Of late years," 
he continues, " an opinion has taken root among us that 
the dynamics of geology must invoke the aid of mathe- 
matical reasoning and calculation, as the dynamics of as- 
tronomy did at the turning point of its splendid career. 
•Nor can we hesitate to accept this opinion, and look for- 
ward to the mathematical cultivadon of physical geology 
as one of the destined stages of our progress toward truth." 
" The supposition," observe the same author in another 
place, *' that there are, beneath the crust of the terrestrial 
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globe, liquid or semi-liquid masses which exert a pressure 
upward, leads to the inquiry, what phenomena of fissure, 
disruption, and dislocation, this subterranean strain would 
produce ? The answer to this inquiry must be given by 
mathematical reasoning from mechanical principles." 

The attention of geologists is now also powerfully di- 
rected to the results of microscopic analysis, " revealing to 
us," says Professor Silliman, " the intimate and concealed 
structure of fossil plants — of petrified trees, whose delicate 
vessels had been filled with mineral matter — siliceous, cal- 
careous, or metallic — or whose substance had been con- 
verted into coal — the fibres and tissues of primeval forests 
converted into stone. The microscope, in the hands of 
Ehrenberg, of Berlin, and others, has penetrated the veil 
which concealed the fossilized races whose existence had 
not even been suspected — the thousands of millions of ani- 
malcules which, encased in shields of flint, people the di- 
mensions of a sin^e cubic inch. In the same manner, the 
vast beds of tertiary, of chalk, and many of the secondary 
limestones, disclose, under the searching scrutiny of the, 
microscope, a world of minute organic forms, that once 
lived in that earlier ocean by whose waves their elegant 
structures were first sustained, and then broken down and 
comminuted into an earthy, calcareous powder, almost 
impalpable to the naked eye." 

" Natural history and natural theology," observes an able 
writer in the London Quarterly Review, "had hitherto 
be«a confined to but one volume of Nature's works — that 
which relates to the present order of existence. Geology 
has discovered in the bowels of the earth, and published, a 
series of preceding volumes — more or less injured and 
imperfect, it is true — but all written in the same hand, 
bearing the manifest impress of the same mighty mind — 
and equally abounding in new and vivid proofs of the wis- 
dom and goodness of their Author." It has been shown> 
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to use the language of one of the most eminent and distu> 
guished of modem geologists, Mr. Lyell, that " the earth's 
surface has heen remodelled again and again ; mountain- 
chains have been raised or sunk ; valleys formed, filled up, 
and the& re-excavated ; sea and land have changed places : 
yet throughout all these revolutions, and the consequent al- 
terations of local and general climate, animal and vegetable 
life has been sustained : this has been accomplished without 
violation of the laws now governing the organic creation, 
by which limits are assigned to the variability of species. 
The succession of living beings appears to have been con- 
tinued, not by the transmutation of species, but by the in- 
troduction into the earth, from time to time, of new plants 
and animals ; and each assemblage of new species must 
have been admirably fitted for the new states of the globe, 
as they arose, or they would not have increased and mul- 
tiplied, and endured for indefinite periods." 

From the phenomena presented by the structure of the 
older rocks, we may infer the existence and occurrence of 
a train of events, which, although utterly destructive to all 
kinds of life, nevertheless prepared the earth for the re- 
ception of living beings. " Those ingredients of the crust 
of the earth," observes Professor Daubeny in a late lecture, 
" which seem designed more especially for the purpose of 
living beings, may be distinguished into such as minister 
to some object of utility, for man in particular, and such as 
are essential to animals and vegetables in general. The 
former class, being commonly more or less poisonous, oc- 
cur in veins, for the most part existing in the older rocks, 
being stored, as it were, out of the way, before living be- 
ings were created. Such are copper, tin, lead, mercury, 
and other of the metals. The latter, on the contrary, are 
more generally diffused through the strata of the globe, 
although for the most part in comparatively minute pro- 
portions. Among the latter are the fixed alkalies, which 
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are present in all rocks of igneous origin, from which they 
are slowly disengaged by the action of air and water in 
proportion as they are required for the necessities of living 
beings." 

Modem discoveries prove, not only that the existing spe- 
cies of animal and vegetable life had a comparatively 
recent origin, but that they were preceded by several other 
systems and species, each of which must have had a com- 
mencement and a termination. Through this series w& 
are conducted back to a period anterior to the earliest, in 
which we find a series of primary strata wholly destitute 
of organic remains ; and from this circumstance we infer 
their deposition to have preceded the commencement of 
organic life. " In the most ancient condition of land and 
water," observes Dr. Buckland, " geology refers us to a 
state of things incompatible with the existence of animal 
and vegetable life ; and thus, on the evidence of natural 
phenomena, establishes the important fact that we find a 
starting-point, on this side of which, all forms, both of ani- 
mal and vegetable beings, must have had a beginning." 

In the original granitic formation, or first hardened crust 
of the earth, no remains, either of animal or vegetable 
life, marine or terrestrial, have been discovered ; and the 
legitimate presumption is that neither existed. In the 
transition strata, however, immediately succeeding, the re- 
mains of zoophytes, and other marine animals of the lowest 
grade, begin to appear. At tlie commencement of the 
secondary strata, plentiful indications of vegetation are 
presented, and vertebra ted animals began to exist, among 
which were enormous crocodiles, turtles, fish, &c. ; and 
this seems to have been the period when the primitive 
mountains were formed by the violent upheaving of the 
solid granite, by the expansive force of internal heat. In 
this elevated position, they became exposed to all the 
▼arieties of atmospheric action, constantly exerted in re- 
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ducing them again under the dominion of the ocean ; in 
separating and disintegrating their materials ; and' de- 
positing them in a lower position, whence, by the ac- 
tion of floods and water courses, they were carried to 
the ocean and distributed at various depths over its sur- 
face to be again consolidated by interior heat and repro- 
duced at the surface by the agency of the same powerful 
forces.- The bottom of the sea appears to have been the 
great laboratory where the loose and floating materials, 
detached from the primitive granite were mineralized, 
and the atmosphere, the region where these are again 
decomposed and resolved into their constituent elements. 
" The decomposition of all mineral substances exposed to 
the air," observes Professor Playfair, " is continued, and 
is brought about, by a multitude of agents, both chymical 
and mechanical, of which some are known to us, and 
many, no doubt, remain to be discovered. To the various 
aeriform fluids which compose the atmosphere, must be 
added moisture, heat, and perhaps light; substances, 
which, from their aflfinities to the elements of mineral 
bodies, have a power of entering into combination with 
them, and of thus diminishing the forces by which they 
are united to one another. By the action of air and 
moisture, the metallic particles, particularly the iron, 
which enters in great abundance into the composition of 
almost all fossils, becomes oxydated in such a degree as 
to lose its tenacity, so that the texture of the surface is 
destroyed, and a part of the body resolved into earth. 
Some earths, again, such as the caicareous, are immediate- 
ly dissolved by water ; and though the quantity so dis- 
solved be extremely small, the operation by being con- 
tinually renewed, produces a slow but perpetual corrosion, 
by which the greatest rocks must, in time, be subdued. 
The action of wa^^r, in destroying hard bodies into which 
it has obtained entrance^ is much assisted by the vicissi- 
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tudes of heat and cold, especially when the latter extends 
as far as the point of congelation ; for the water, when 
frozen, occupies a greater space than before ; and if the 
body is compact enough to refuse room for this expan- 
sion, its parts are torn asunder by a repulsive force acting 
in every direction. Water appears as the most active 
enemy of hard and solid bodies ; and in every state, from 
transparent vapor to solid ice ; from the smallest rill to 
the greatest river, it attacks whatever has emerged above 
the level of the sea, and labors incessantly to restore it to 
the deep. The parts loosened and disengaged by the 
chymical agents, are carried down by the rains, and in 
their descent, rub and grind the superfices of other bodies. 
Thus water, though incapable of acting on hard substances 
by direct attrition; is the cause of their being so acted on ; 
and when it descends in tcMrrents, carrying with it sand, 
gravel, and fragments of rock, it may be truly said to turn 
the forces of the mineral kingdom against itself. Every 
separation which it makes is necessarily permanent ; but 
the parts once detached can never be united, save at the 
bottom of the ocean. 

" The consequence of so many minute, but indefat- 
igable agents, all working together, and having gravity 
in their favor, is a system of universal decay and degra- 
dation, which may be traced over- the whole surface of 
the land, from the mountain top to the seashore. Where 
the seacoast is bold and rocky, its broken and abrupt con- 
tour, the deep gulfs and salient promontories by which it is 
indented, and the proportion which these irregularities 
l)ear to the force of the waves, combined with the in- 
'equality of hardness in the rocks, prove that the present 
line of the shore has been determined by the action of the 
sea. The naked and precipitous cliffs which overhang 
the deep, the rocks hollowed, perforated as they are fur- 
ther advanced in the sea, and at last insula ted» lead to the 
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same ccmclusioD, and mark, very clearly, so many differ- 
ent stages of decay. The fragments of rock, when de- 
tached, become instruments of further destruction, and 
make a part of the powerful artillery with which the 
ocean assails the bulwarks of the land ; they are impelled 
against the rocks, from which they break off other frag- 
ments, and the whole are thus ground against one an- 
other ; whatever be their hardness, they are reduced to 
gravel, the smooth surface and round figure of which are 
the most certain proofs of a detritus which nothing can 
resist. Where the coast is flat, we have abundant evi- 
dence of the degradation of the land, in the beaches of 
sand and small gravely the sand-banks and shoals that 
are continually changing ; the alluvial land at the mouth 
of the rivers ; the bars, that seem to oppose their dis- 
charge into the sea ; and the shallowness of the sea it- 
self. 

" It is highly interesting to trace up, in this manner, the 
action of cluses with which we are familiar, to the pro- 
duction of effects which, at first, seem to require the in- 
troduction of unknown and extraordinary powers ; and it 
is no less interesting to observe how skilfully nature has 
balanced the action of all the minute causes of waste, 
and rendered them conducive to the general good. Of 
this, we have a most remarkable instance in the provision 
made for preserving the soil, or the coat of vegetable 
mould spread out over the surface of the earth. This 
coat, as it consists oi loose materials, is easily washed 
away by the rains, and is continually carried down by the 
rivers into the sea. This effect is visible to every one ; 
the earth is removed, not only in the form of sand and 
gravel,* but its fine particles, suspended in the waters, 
tinge those of some rivers continually, and those of all, 
occasionally, that is, when they are flooded or swollen 
with rains. The quantity of earth thus carried down 
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varies according to circumstances. The soil, therefore, 
is continually diminished ; its parts being transported 
from higher to lower levels, and finally delivered into the 
sea. But it is a fact that the soil, notwithstanding, re- 
mains in quantity, the same, or at least, nearly the same ; 
and must have done so ever since the earth was the re- 
ceptacle of animal or vegetable life. The soil, therefore, 
is augmented from other causes, just as much, at an aver- 
age, as it is diminished by that now mentioned ; and this 
augmentation, evidently can proceed from nothing but the 
constant and slow disintegration from the rocks. In the 
permanence, therefore, of a coat of vegetable mould, on 
the surface of the earth, we have a demonstrative proof 
of the continual destruction of the rocks ; and can not but 
admire the skill with which the powers of the many 
chymical and mechanical agents employed in this com- 
plicated work are so adjusted as to make the supply and 
the waste of the soil exactly equal to one another. The 
gre^t quantity of round and hard gravel, often to be met 
with in the soil, under such circumstances as prove that 
it can only have come from the decomposition of rocks 
that once occupied the very ground over which this gravel 
is now spread, clearly evinces the former "existence of 
immense bodies of strata in situations from which they 
have now entirely disappeared. 

"Some of the modes of aqueous action," observes 
Professor Whewell, "are destructive, as when rivers 
erode the channel in which they flow, or when the waves 
of the ocean by their perpetual assault shatter the shores 
and carry the ruins of them into the abyss of the ocean. 
Some operations of the water, on the other hand, add to 
the land, as when deltas are formed at the mouths of 
rivers, or calcareous springs from deposites of travertine. 
Even when bound in icy fetters, water is by no means de- 
prived of its active power; the glacier carries into the 
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▼alley masses of its native mountain, and often floats, 
with a lading of such materials, far into the seas of the 
temperate zone. It is indisputable that vast beds of worn- 
down fragments of the existing land are now forming 
into strata at the bottom of the ocean." 

The study of deposites formed by rivers, including the 
general effects of running water, on the land, as a destroy- 
ing and Tenovating agent, the chymical eff^ts of atmo- 
spheric action and of water on rocks ; together with the 
erosive action of rivers on their beds and shores, consti- 
tutes an important part of geological investigation. <* The 
excavation of valleys," says Mr. Trimmer, " seems to be 
a complex result of the various forces which have acted 
on the surface of any given region both before and after 
its emergence from the ocean." There are several classes 
of valleys, in the formation of which, different agencies 
have manifestly prevailed ; such as oceanic valleys, formed 
beneath the sea ; longitudinal valleys, like those of the 
Alps, arising out of the line of junction of two separate 
and distinct formations ; valleys of disruption, lilf e some 
of the great transverse valleys of the same chain pro- 
duced by upheaving forces ; valleys of elevation, where 
the strata, protruded and pushed upward, dip in opposite 
directions from the axis of elevation ; valleys of denuda- 
tion, in which strata nearly horizontal, and once contin- 
uous are now separated by a wide excavation ; and valleys 
of erosion, deep gorges, exciavated entirely by . the long- 
continued action of water ; although, in general, rivers 
have not formed the valleys through which they flow. 

'< The action of running water, on the land, has a con- 
stant tendency to reduce the inequalities of its channel, 
by cutting down obstructions, filling up hollows, and re- 
moving the detritus from higher to lower levels. The 
coarser fragments are generally deposited in lakes or 
▼alleys, or spread over plains ; but a vast amount of highly 
6* 
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comminuted matter is held in suspension till it reaches 
the sea, and is deposited where the tides and freshets 
meet, there to form new stratified deposites, charged with 
animal and vegetahle remains, which, in future ages, may 
in their turn, be reconverted into land." — " Mountain tor- 
rents, whose course to the sea is short, hurry into it a con- 
fused mass of fragmentary matter, and then form deposites 
resembling 9ome of the older conglomerates. But longer 
rivers deposite their gravel and sand during the earlier 
parts of their course, some portions of which are arrested 
by lakes and others deposited by inundations on the sur- 
face of valleys and alluvial plains. Many level surfaces, 
traversed by a river and surrounded by ranges of hills, 
may be mistaken for the sites of lakes, while they are in 
reality, valleys partially filled with detrims." 

" The motions produced in the waters of the ocean by 
tides and currents, exercise a powerful in^.uence upon the 
land. The waste of a coast produced by this action is 
more or less rapid in proportion to its exposure to the 
effects of the waves, the nature of the strata, and the 
hardness or softness of the rocks of which it is composed. 

" The materials derived from the wasting of the land 
are distributed by the agitation of the wstves, according to 
their magnitude and specific gravity; the larger and 
heavier fragments remaining upon the beach till they are 
ground into coarse -sand; while the smaller are more 
widely diffused by the action of currents." 

" The beds of rivers and oceans," observes Sir John 
Herschel, " are constantly receiving the debris produced 
by the action of water upon the surfaces of rocks ; springs 
are depositing large quantities of calcareous and other 
matter; and volcanoes pouring over considerable dis- 
tricts immense streams of lava. It may, therefore, be 
deduced from analogy, that the same causes which are 
now in operation produced the same or similar results in 



OENEHAL PBINCIPLES OF 6E0L0GT. 67 

the composition of those masses which form the frame- 
work of our globe. The relative changes in the distribu- 
tion of land and water on the surface of the earth are 
produced so slowly, that they frequently pass unnoticed, 
from generation to generation; and yet, the mighty 
changes which they are effecting, may ultimately give a 
new character to the physical appearance of the globe. 
Heat, air, water, and chymical action, co-operate both in 
the destruction and recomposition of the rocks which 
form the earth's surface. Of these agents, water exer- 
cises the most constant and important influence. The 
fragments detached by the operation of atmospheric causes 
are carried, by means chiefly of rivers, down the moun- 
tainous and elevated districts, and ultimately deposited, 
together with the accumulated quantities gathered in the 
course of the descent, partly in the beds of the rivers 
themselves,^ but more extensively in the basins, lakes, 
seas, and oceans; to which they flow." Dr. Buckland 
also inferred the slow and gradual deposition of the strati- 
fled rocks, during long periods of time and at widely dis- 
tant intervals, from the fact that a large proportion of the 
remains of animals and vegetables, from time to time 
discovered and brought to light by the researches of 
geologists, belong to extinct genera, and to species that 
lived and multiplied and died on or near the spots where 
they were found, and that they differ more and more 
widely from existing species as the strata in which they 
were found descends in depth. 

" The changes that have taken place in the courses of 
rivers," says Professor Playfair, ** are to be traced in many 
instances by successive platforms of flat alluvial lands, 
rising one above another, and marking the different levels 
on which the river has run at different periods of time. 
The channels of these rivers have evidently been cut by 
the waters themselve&— slowly dug out by the washing 
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and erosion of the land ; and it is by the repeated touch- 
es of the same instrument that this curious assemblage 
of lines has been engraved so deeply on the surface of 
the globe. In the same maimer, when a riyer under- 
mines its bankS) it often discovers deposites of sand and 
gravel that have been made when it ran on a higher level 
than it does at present. In other instances the same strata 
are seen on both the banks, though the bed of the river is 
now sunk deep between them, and perhaps holds as wind- 
ing a course through the solid rock as if it flowed along 
the surface : a proof that it must have begun to sink its bed 
when it ran through such loose materials as opposed but a 
very inconsiderable resistance to its stream. A river, of 
which the course is both serpentine and deeply-excavated 
in the rock, is among the phenomena by which the slow 
waste of the land, and also the cause of that waste, are *^ 
most directly pointed out. It is, however, where rivers 
issue through narrow defiles among mountains, as in the 
case of the Potomac, where it penetrates the ridge of the 
Alleganies, that the identity of the strata on both sides is 
most easily recognised, and remarked, at the same time, 
with the greatest wonder. It is only the philosopher who 
has deeply meditated on the effects which action long con- 
tinued is able to produce, and on the simplicity of the means 
which nature employs in all her operations, who sees in 
this nothing but the gradual working of a stream that once 
flowed on the top of the ridge which it now so deeply in- 
tersects, and has cut its course through the rock, in the 
same way and almost with the same instrument by which 
the lapidary divides a block of marble or granite." 

"If the orologist," he continues, in another place, 
" would trace back the progress of waste, till he came in 
sight of that original structure of which the remains are 
still so vast, he perceives an immense mass of solid rock, 
naked and unshapely, as it first emerged from the deep, 
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and incomparably greater than all that is now before him. 
The operation of rains and torrents, modified by the hard- 
ness and tenacity of the rock, has worked the whole into 
its present form ; has hollowed out the valleys and gradu- 
ally detached the mountains from the general mass, cut- 
tiog down their sides into steep precipices at one place, 
and smoothing them into gentle declivities at another. 
From this has resulted a transportation of materials, which, 
both for the quantity of the whole, and the magnitude of 
the individual fragments, must seem incredible to every 
one who has not learned to calculate the effects of contin- 
ued action, and to reflect that length of time can convert 
accidental into steady causes. Hence fragments of rock 
from the central chain are found to have travelled into dis- 
tant valleys, even where many inferior ridges intervene ; 
hence the granite c^ Mont Blanc is seen in the plains of 
Lombardy, or on the sides of Jura, and the ruins of the 
Carpathian mountains lie scattered oyer the shores of the 
Baltic. Thus, with Dr. Hutton, we shall be disposed to 
consider those great chains of mountains which traverse 
the surface of the globe, as cut out of masses vastly greater 
and more lofty than anything that now remains. 

" Such are the changes which the daily operations of 
waste have produced on the surface of the globe. These 
operations, inconsiderable if taken separately, become great 
by conspiring all to the same end — never counteracting one 
another, but proceeding through a period of indefinite ex- 
tent, continually in the same direction. Thus, everything 
descends ; nothing returns upward ; the hard and solid bod- 
ies everywhere dissolve, and the loose and soft nowhere 
consolidate. The powers which tend to preserve, and 
those which tend to change the condition of the earth's 
surface, are never in equilihrio ; the latter are in all cases 
the most powerful, and, in respect of the former, are like 
living m comparison of deadfoxQe&* Hence the law of 
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decay is one which suffers no exceptions. The elements 
of all bodies were once loose and unconnected, and to the 
same state nature has appointed that they should all re- 
turn. It affords no presumption against the reality of this 
progress, that, in respect of man, it is too slow to be imme- 
diately perceived. The utmost portion of it to which our 
experience can extend, is evanescent, in comparison with 
the whole, and must be regarded as the momentary incre- 
ment of a vast progression, circumscribed by no other lim- 
its than the duration of the world. Time performs the 
office of integrating the infinitesimal parts of which this 
progression is made up : it collects them into one sum, and 
produces from them an amount greater than any that can 
be assigned. 

" While on the surface of the earth so much isever3rwhere 
going to decay, no new production of mineral substances 
is found in any region accessible toman. We are not, 
however, to imagine that there is nowhere any means 
of repairing this waste : from comparing the conclusion at 
which we are now arrived, viz., that the present conti- 
nents are all going to decay, and their materials descend- 
ing into the ocean, with the proposition first laid down, 
that these same continents are composed of materials 
which must have been collected from the decay of former 
rocks, it is impossible not to recognise two corresponding 
steps of the same progress — of a progress by which min- 
eral substances are subjected to the same series of changes, 
and alternately wasted away and renovated. In the same 
manner as the present mineral substances derive their ori- - 
gin from substances similar to themselves, so from the land 
now going to decay — the sand and gravel forming on the 
seashore or on the beds of rivers ; from the shells and cor- 
als which in such enormous quantities are every day ac- 
cumulated in the bosom of the sea ; from the drift-wood 
and the multitude of animal and vegetable remains con- 
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tmually deposited in the ocean : from all these, we can not 
doubt that strata are now forming in those regions to 
which nature seems to have confined the powers of min- 
eral reproduction ; from which, after being consolidated, 
they are again destined to emerge, and to exhibit a series 
of changes similar to the past. How often these vicissi- 
tudes of decay and renovation have been repeated, is not 
for us to determine : they constitute a series of which we 
see neither the begiiming nor the end ; a circumstance that 
accords well with what is known concerning other parts 
oi the economy of the world. In the continuation of the 
different i^ecies of animals and vegetables that inhabit 
the earth, we discern neither a beginning nor an end ; and 
in the planetary motions, where geometry has carried the 
eye so far, both into the future and the past, we discover 
no mark, either of the commencement or the termination 
of the present order. It is unreasonable, indeed, to sup- 
pose that such marks should anywhere exist. The Author 
of Nature has not given laws to the universe, which, like 
the institutions of men, carry in themselves the elements 
of their own destruction. He has not permitted in his' 
works any symptoms of infancy or of old age, or any sign 
by which we may estimate either their future or their past 
duration. He may put an end, as he no doubt gave a be- 
ginning, to the present system, at some determinate pe- 
riod ; but we may safely conclude that this great catastro- 
phe will not be brought about by any of the laws now ex- 
isting, and that it is not indicated by anything which we 
perceive. To assert, therefore, that in the economy of the 
world, we see no mark, either of a heginning or an end, is 
very different from affirming that the world had no begin- 
ning and will have no end. The first is a conclusion just- 
ified by common sense as well as sound philosophy ; while 
the second is a presumptuous and unwarrantable asser- 
tion, for which no reason, from experience or analogy, can 
ever be assigned." 
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** It is impossible to look back on the system which we 
have thus endeavored to illustrate, without being struck 
with the novelty and beauty of the views which it sets be- 
fore us. We have been long accustomed to admire that 
beautiful contrirance in nature by which the water of the 
ocean, drawn up in vapor by the atmosphere, imparts in 
its descent fertility to the earth, and becomes the great 
cause of vegetation and of life ; but now we fiiid that this 
Vapor not only fertilizes, but creates the soil — prepares it 
from the solid rock, and after employing it in the great 
operations of the surface, carries it back into the regions 
where all its mineral characters are renewed. Thus the 
circulation of moisture through the air is a prime mover, 
not only in the annual succession of the seasons, but in the 
great geological cycle by which the waste and reproduc- 
tion of entire continents is circumscribed. Perhaps a more 
striking view than this of the wisdom that presides over 
nature, was never presented by any philosophical system, 
nor a greater addition ever made to our knowledge of final 
causes. It is an addition which gives consistency to the 
rest, by proving that equal foresight is exerted in providing 
for the whole and for the parts, and that no less care is 
taken to maintain the constitution of the earth than to pre- 
serve the tribes of animals and vegetables which dwell on 
its surface. In a word, it is the peculiar excellence of this 
theory, that it ascribes to the phenomena of geology an or- 
der similar to that which exists in the provinces of nature 
with which we are best acquainted, that it produces seas 
and continents, not by accident, but by the operation of 
regular and uniform causes : that it makes the decay of 
one part subservient to the restoration of another, and gives 
stability to the whole, not by perpetuating individuals, but 
by reproducing them in succession." 

" I question," observes Professor H. D. Rogers in an ad- 
dress delivered by him before the American Association 
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of Geologists, " if many miuds, even among those devoted 
to geological researches, are impressed with the wonder- 
ful extent to which this science is likely in future ages to 
carry the restoration of antiquity, reproducing in vivid dis- 
tinctness the ancient geography, climate, and inhabitants 
of the globe ; tracing the many successive oceans, bays, 
and shores ; and repeopling, for each epoch, all the waters 
and the land. I question if we are at ail aware how com- 
pletely the whole history of all departed time lies indelibly 
recorded, with the amplest minuteness of detail, in the 
successive sediments of the globe ; how effectually, in other 
words, every period of time has written its own history, 
carefully preserving every created form, and every trace 
of action." 



74 SCIENTIFIC DIVISIONS OF GEOLOaT. 



PART III. 

SCIENTIFIC DIVISIONS OF GEOLOGY. 

The primary division of rocks, adopted by geologists, is 
into igneous and aqueous, crystalline and sedimentary^ 
unstratified and stratified. All the igneous rocks are un- 
stratified : but there are some rocks of undoubted igneous 
origin, which are not crystalline ; and, on the other hand, 
there are limestones of aqueous origin, not only stratified 
but crystallized. Some of the lower stratified rocks are 
' also of a decided crystalline character : but their origin is 
' not clearly ascertained. On the one hand, they graduate 
into rocks which appear to have been formed by igneous 
action ; and, on the other, into fragmentary rocks of aque- 
ous origin. There are other rocks which exhibit a blend- 
ing of the crystalline and mechanical structure. Rocks are 
also divided into fossiliferous and non-fossiliferous — those 
which, taken as a whole, contain organic remains, and 
those in which such remains rarely if ever occur. Of the 
latter class are the igneous and unstratified rocks — consist- 
ing of a few simple minerals, variously combined ; occur- 
ring in irregular masses beneath the other strata ; protru- 
ding through, or traversing them veirtically, in dikes or 
veins ; and bearing no constant relation to eacli other or to 
the stratified rocks. 

Granite, upon which all the superimposed strata rest, 
has, according to the Huttonian theory, been formed, or at 
least fused and upheaved, subsequently to the deposition 
of the superincumbent rocks, and is entirely destitute of 
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organic remains. Intimately connected in composition 
with this class of rocks, and, like them, destitute of or- 
ganic remains, is the lower series of the stratified rocks, 
termed, by Mr. Lyell, metamorphic. The remainder is a 
succession of clays, sandstone, and limestone, alternating 
in no fixed or definite order,-as regards their mineral com- 
position, but capable, nevertheless, of subdivision into 
groups, characterized over very extensive areas by pecu- 
liar assemblages of organic remains. Here, and in the 
diluvial deposites immediately above, are found the re- 
mains of the gigantic mammalia and other quadrupeds, 
erroneously supposed by some to have been destroyed by 
the action of the flood recorded in scripture. Upon the 
surface of the tertiary strata we have volcanic and basaltic 
rocks, and alluvial and diluvial soils, constituting the ex- 
isting superficial surface of the globe. Within none of the 
strata formed anterior to the last general deluge have the 
bones, utensils, or other vestiges of man, as yet been dis- 
covered. 

The ordinary materials of which the several strata are 
composed, are sand, clay, and carbonate of lime, giving 
rise to the division of rocks into arenaceous, sandy or sili' 
ceous, argillaceous and calcareous or limestone, consist- 
ing of carbonic acid and lime. These three classes of 
rock, however, pass continually into each other, and 
rarely occur in a perfectly separate and pure form. Mag- 
nesian limestone, or dolomite, and gypsum, or plaster of 
Paris, also occasionally occur. 

The division of the stratified rocks most generally 
adopted by modem geologists, is into — 1st Prhnary ; in- 
cluding the whole of the non-fossiliferous strata: 2d. 
Lower secondary ; commencing with the oldest formation 
in which organic remains are found, and including, in the 
ascending order, the coal-bearing strata or carboniferous 
system : 3d. Upper secondary ; commencing with the 
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new red sandstone, immediately above the coal, and ter- 
minating with the chalk: 4th. Tertiary; comprising all 
those regular deposites above the chalk, newer than the 
secondary formations, and originating prior to the appear- 
ance of man, in which existing species are found, mixed 
with others now extinct. This formation has been sub- 
divided by Mr. Lyell, according to the proportion of shells 
of existing species contained in its strata into eocenef mio' 
cene, and older and newer pliocene strata : 5th. Modem 
or recent ; consisting of diluvial and alluvial formations, 
containing human remains, or the remains of existing 
species of animals, unmixed with others that are extinct. 
The following table exhibits a synoptical view of the 
succession of stratified rocks as found in Great Britain ; 
their arrangement into the three classes of primary, 
secondary, and tertiary; the thickness of the respective 
systems ; and their minor general subdivisions : — 
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Modem Qroap— Lacustrine, Flaviatile, and Marine depositea, 

now m progress. 
Erratic Block Groap — Dilariiim — ^Drift 


Strata. 


Systems. 


Feet 


Formations. 


|5 


Newer Pliocene. 
Older PUocene. 
Miocene, 
Eocene, 


11 to 30 
600 to 1,800 






Cretaceous ( 
System, J 


600 
500 


Chalk Formation 


Oolitic System, 


900 
400 
450 
400 
1,000 


Wealden. 
Upper Oolite. 
Middle Oolite. 
Lower Oolite. 
Lias. 


s 

8 

H 
OQ 
A 

o 


PoikHitic System, 


5 900 
i 300 


New Red Sandstone. 
Magnesian Limestone. 


Carboniferous ( 
System,* ^ 


3,000 

2,400 

300 to 10.000 


Coal-Formation. 
Carboniferous Limestone. 
Old Red Sandstone. 


Silurian Sys- 
tem, 


7,500 


Ludlow, Wenlock, Cara- 
doc, and Llandeilo For- 
mations. 


Cambrian Sys- 
tem 


10,000 


Upper and Lower Cam- 


. H Mica Schi»t 
^ 5 System. 




Mica Schist 


Ah S 


Gneiss System, 


Unknown. 


Gneiss. 


* It has been proposed by Professor Sedgwick and Mr. Morchison, 
to include the old red sandstone and certain slate-rocks constituting 
a zoological passage from the Silurian to the carboniferous system, 
into a nev group, under the name of the Devonian system ; and it is 
probable that some such arrangement may eventuayy be adopted. 
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The primary rocks consist of granite and other rocks 
of a much more compact and crystalline texture than the 
sedimentary or volcanic formations. In the unstratified 
portion of these crystalline masses, no organic fossil re- 
mains have ever heen discovered. A considerable portion 
of these rocks are, however, divided into strata and 
7* 
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laminse, so closely imitating those of aqueous depositee 
as, in the opinion of Mr. Lyell and other able geologists, 
to leave scarcely any reasonable doubt that they owe this 
part of their texture to similar caUses. "These remark- 
able formations," says Mr. Lye^l, . f* have been called 
primitive, from their having been supposed to constitute 
the most ancient mineral productions of the globe, and 
from a notion that they originattj|4 before the earth was 
inhabited by living beings, and while yet the planet was 
in a nascent state. The high relf^tive antiquity of some 
of them is indisputable : for in f^e oldest sedimentary 
strata containing organic remainfi we often meet with 
rounded pebbles of the crystialli^i^ rocks, which must, 
therefore, have been consolidate^ before the derivative 
strata were formed out of their riiins. The members of 
this granitic group generally rise up from beneath the 
rocks of mechanical origin, enterin|r into the structure of 
lofty mountains, so as to occupy, at the same time, the 
lowest and most elevated positions in the crust of the 
globe." 





Nothing strictly analogous to these crystalline forma- 
tions can now be seen in the progress of formation on the 
habitable surface of the earth, within the range of human 
observation. The earlier speculators in geology explained 
tlidr origin on the supposition of a former condition of 
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the planet different from the present, when certain chymi- 
cal processes were developed on a great scale, forming 
crystalline precipitates, some more suddenly and in huge 
amorphous masses, such as granite ; others, by successive 
deposition and with a foliated and stratified structure, as 
in the rocks termed gneiss and mica-slate. It is needless 
to observe, that a great part of these views have since 
been abandoned ; especially in reference to the origin of 
granite, which is now almost universally believed to be 
the result of igneous fusion. 

The primary stratified rocks all repose upon an uneven 
irregular granite surface, which, in some instances attains 
the height of more than five miles above the level of the 
sea, and in others is depressed to an unknown depth be- 
low the bed of the ocean. On this base, the earliest 
stratified rocks have been formed : they do not, however, 
cover its whole surface; the granite rocks frequently 
rising in bold outline above all the stratified rocks, and 
forming the peaks of the highest mountains. 

"It is a fact established on good evidence," says a late 
writer in the Edinburgh Review, " that igneous matter 
has, during many periods, been protruded from below; 
that mountains have risen in succession from the sea ; 
and injected their molten substance through the cracks 
and open fissures of the superincumbent strata. Many 
masses of granite and other forms of igneous rock became 
the solid bottom of some portions of the sea before the 
secondary strata were laid gradually upon them. The 
granite of- Mont Blanc rose during a recent tertiary 
period. We can prove more than mere shifting of 
level, and that many portions of sea and land have en- 
tirely changed their places. The rocks at the top of 
Snowdon are full of petrified sea-shells; the same may 
be said of some high crests of the Alps, Pyrenees, and 
Andes. We have proof demonstrative that many parts 



/ 



BO SCIENTIFIC DIVISIONS OF GEOLOGY. 

of Scothmd, and that; all England, formed, during many 
agfes, the solid bottom of the old sea. It may be trtie that 
^e antagonist powers of nature, during the ^uman period, 
'have reached a kind of balance. But during all geologi- 
crf periods^ there Kate been such long intervals of repose, 
or of such gradual movements, that we can trace the 
. history of the earth in the sucessiYe deposites formed in 
the waters of the sea. This is the great business of 
geology.'* 

The rocks conunonly designated transition rocks, cor- 
respondihg in the main to the lower secondary strata of 
modem geologists, are composed of alternating strata of 
conglomerates and sandstones, limestones, slate, and 
shell; the former exhibiting traces of violent aqueous 
action, and the other coataining animal and vegetable fos- 
sils. Of the latter, those which occur in the lower beds, 
are few in number, and principally of marine origin ; 
while tSie upper compose the great coal formation, con- 
sisting of prodigious accumulations of the vegetable re- 
mains of the earliest periods of our globe. To Professor 
Sedgwick and Mr. Murchison, geoi(^ is indebted for the 
classification of these rocks into systems and formations 
defined by peculiar lithological and zoological characters. 
Organic remains have been discovered in them in various 
parts of central and northern Europe ; " and they appear," 
says Mr. Lyell, " to have been deposited in a sea of con- 
siderable extent. The fossils have been regarded by 
many naturalists as indicating a greater uniformity in the 
species of marine animals inhabiting the sea at that early 
period than would now be found to prevail in a similar 
extent of ocean." Hitherto but few vegetable remains 
have been noticed ; but such as are mentioned are said to 
agree more nearly with the plants of the carboniferous 
era than any other, and would, therefore, imply a tropical 
and humid atmosphere. 
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The transition period has been diyided by most Euro- 
pean geologists into two groups, the Cambrian and Silu- 
rian-^hiefly distinguished from the slaty formaticMM of 
the primary period by the traces of organic remainSy and 
consequently appearing to occupy an ifitermediate position 
between the priinary stratified roQks an4. those of the sec^ 
ondary period. Igneous rocks. are found associated with 
those of this period, and particularly with those of the 
Silurian system : in some instances piereing the superin- 
cumbent sandstone ; in others, extended in the form of 
layers between the strata ; and in others still, converted 
by the agency of water into rocks, to which the name of 
volcanic sandstone has been applied. Veins of lead ore 
are of frequent occurrence in this systemj especially when 
in conjunction with the igneous rocks. The organic re- 
mains, although numerous and extensive, differ from any 
existii^g species. Many of the limestones of this period 
are supposed to consist of ancient coral-reefs, originally 
formed by the secretion of carbonate of lime by tke polypi 
of the ancient ocean, and subsequently hardened and con- 
verted into the habitation of these animals. Encrinites 
also occur in this formation ; and fragments of the stems 
or columns of these remarkable animals are abundant. 

The secondary strata consist of extensive beds of sand 
and sandstone, interspersed occasionally with pebbles, and 
alternating with deposites of clay, marl, and limestone, 
derived from the detritus of primary and transition rocks. 
These, together with the tertiary formations, and the dilu- 
vial and alluvial deposites of a more recent period, com- 
pose that portion of the earth's surface destined for the 
habitation of man. The movements of the waters, by 
which their materials have been transported to their pres- 
ent place, have caused such an intermixture as essentially 
• to promote the growth of the different vegetable produc- 
tions required for the sustenance of man and beast. They 
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present uneqnivoksal proofs of a mechanical and aqueous 
origin. In their arrangement in horizontal beds ; in the 
subdivisioQ of these beds into their layers, indicating suc- 
cessive deposites ; and, in the shells which they contain, 
we have exact counterparts of those beds of sand and silt, 
now forming at the mouths of rivers, and in lakes and in- 
land seas. The primary strata possess the same character 
of division into thick beds, and of subdivision into laminae ; 
but thBy contain no organic remains, and are of a crystal*^ 
line structure, nbw generally believed to have been the re- 
sult of the contact, at great depths from the surface, of vast 
masses of fused rock, intensely heated during the lapse of 
a series of ages, with sedimentary formations previously 
existing. According to these views, the primary strata 
may have assumed their crystalline structure at as many 
successive periods as there have been distinct eras of the 
formation of granite ; and their difference of mineral com- 
position may be attributed, not to an original difference of 
the conditions under which they were deposited at the sur- 
fiice, but to subsequent modifications superinduced by heat 
and other causes, at great depths below the surface. 

" From the commencement of the fossiliferous series," 
observes Mr. Trimmer, " up to and including the period 
of the deposition of the new red sandstone, the next in the 
ascending series to the carboniferous, and comparatively 
destitute of organic remains, four distinct epochs are clear- 
ly defined — two of repose, and two of disturbance. During 
each period of repose, a great succession of aqueous depos- 
ites appear to have been formed, regularly and tranquilly, 
subject during their deposition to occasional local outbursts 
of igneous matter, like those of modem volcanic action, but 
not to any general fracture and elevation of the sedimentary 
state evinced by the discordant position of different mem- 
bers of the series. The first tranquil epoch comprises the 
Cambrian and Silurian systems ; the second all the carbon- 
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iferous deposites. These two periods of repose were sue* 
ceeded by two of the most general disruption of the earth's 
crust of which we have any evidence : being observable in 
so many and such widely distant localities, that they may 
almost be considered universal. Each of them is followed 
by the deposition of a series of elementary rocks uncou' 
formahle to the strata below, among which organic re- 
mains and calcareous strata are rare. The prevalence of 
conglomerates, immediately succeeding each fracture and 
elevation of the strata, indicates powerful currents pro- 
duced in the sea by the new condition of its bed. Their 
great mass is also indicative of the violence of the watery 
action, and the extensive degradation of the newly-raised 
land. The prevalence of sandstones and marl in the up- 
per part of the red system shows a gradual diminution of 
the disturbing iaction, and a return from a very general 
state of disturbance to a very general state of repose — 
marked, however, by the extinction of large races of or- 
ganic bodies." 

The. rocks of the Cambrian group afford the first un- 
doubted traces of organic remains. They occur at but few 
points and in small quantities, amid a great thickness of 
sedimentary rocks, extending over a wide area ; and this 
circumstance, connected with the paucity of species where 
the fossils are in the greatest abundance, appears favorable 
to the presumption that the absence of organic remains 
from the older stratified rocks is not the effect of any pro- 
cess by which they have been destroyed, and that in the 
Cambrian rocks we behold the first appearance of organic 
life. The fossils of the Silurian strata appear to be dis- 
tinguished from them, not so much by change of type, as 
by the greater developments, both as to species and indi- 
viduals, of already-existing forms. The rocks of the two 
systems may therefore be regarded as having been formed 
under nearly similar conditions. From the abundance of 
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porphyry and greenstone alternating with and passing inta 
the sedimentary deposites, volcanic ejections appear to 
have been of frequent occurrence during this era, spreading 
sheets of lava over the floor of the ocean. 

The term " Devonian system'' has been proposed by Pro- 
fessor Sedgwick and Mr. Murchis6n, to express all the in- 
termediate deposites between the Silurian and carbonifer- 
ous systems. These deposites are perhaps more generally 
known a« those of the " old red sandstone formation." 

On the old red sandstone usually rests the carboniferous 
limestone — a mass of rock composed of shells of several 
kinds, chiefly encrinites and corals, quietly deposited and 
cemented by a calcareous, semi-crystalline paste. The 
carboniferous system is of great thickness, extending in its 
fullest development to about five thousand feet, exclusive 
of the^ old red sandstone, and exhibiting throughout the 
strongest proofs of slow and successive deposites, in the 
abundance and perfect condition of its fossils — in the re- 
peated alternations of strata, of difierent mineral composi- 
tion — and in the laminated structure of its component mem- 
bers. The coal formation constitutes the upper part of this 
system. Its rocks are extremely rich in organic remains. 
The plants which occur chiefly in the coal formation are 
almost exclusively terrestrial, and are interstratified with 
deposites containing marine exuviae — the results, probably, 
of the waste of ancient forests, annually carried down' by 
great rivers to the sea, and of subsequent elevations and 
disturbances of the bed of the latter. The aquatic charac- 
ter of some of the plants indicates that they grew in fresh- 
water lakes ; and this conclusion is strengthened by the 
trunks of trees and other terrestrial vegetables, implying 
the existence of dry land, and the formation of these lakes 
in its vichiity. In the strata immediately succeeding the 
coal, the organic remains are of a marine nature, from 
which, and from their continuity over large areas, we in- 
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fer that subsequently to the formatiou of the coal, a ccm- 
siderable extent of the land was covered by the sea to a 
great depth. The same group is traceable, according to 
Mr. Lyell, not only through different parts of Europe, but 
also in North America, and toward the. borders of the Arc- 
tic ocean. Igneous rocks are extensively associated with 
the deposites of this series as well in overlying masses, in 
stratiform beds, alternating with the sedimentary strata, as 
in dikes which have pierced through them. 

''A wide expanse of ocean interspersed with islands," says 
Mr. Lyell, ''seems to have pervaded the northern hemisphere 
at the periods when the transition and carboniferous rocks 
were formed, and the temperature was then hottest and most 
uniform. Subsequent modifications in climate accompa- 
nied the deposition of the secondary formations, w^en re- 
peated changes were effected in the physical geography of 
our northern latitudes. Lastly, the refrigeration became 
most decided and the climate most nearly assimilated to 
that now enjoyed, when the lands in Europe and northern 
Asia had attained their full extension, and the mountain- 
chains their actual height." 

" Coal," observes the author of " Recreations in Geolo- 
gy," " evidently owes its origin to accumulated masses of 
vegetables, altered and modified by being pressed beneath 
the weight of a thick deposite of mineral substances, and 
then exposed to a high temperature. If examined with a 
powerful microscope, coal presents a vegetable texture, 
and numerous remains of plants occur in die rocks which 
accompany it. The quality of the coal appears to depend 
partly on the nature of the plants of which it was origi- 
nally composed, and partly on subsequent changes pro- 
duced by subterranean movements and other causes." It 
has been made a subject of considerable discussion wheth- 
er the plants from which coal originated, and of which it 
is composed, grew in the localities where the carbonifer- 
8 
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ous deposites or coal measures have been formed, or were 
transported thither by drifts or currents. " Though it is 
by no means improbable," continues the author above 
quoted, ** that some of these accumulations may have been 
formed, or perhaps increased, by drift-wood, the balance 
of evidence appears in favor of the opinion that the vege- 
table matter grew on the localities in which the coal is 
now found ; and it is supposed that the surface of the earth 
at that period presented a series of swampy islands, and 
that on these islands grew a luxuriant vegetation, consist- 
ing of ferns, calamites, coniferous trees, &c., which, de- 
caying and regenerating, accumulated in the same manner 
as peat-bogs. It is further supposed that the islands, by 
the subsiding or sinking of the agitated crust of the earth, 
were depressed beneath the surface of the sea, and covered 
over with drifted sand, clay, and shells,, until they were, by 
this accumulation, again converted into dry land and clothed 
with another vegetation : an operation, it has been observed, 
which may have been repeated as many times in each coal- 
district as there are alternating layers of coal and of shale, 
or of other sedimentary strata." 

The luxuriant forests to which coal owes its origin seem 
to have been composed in a great measure of plants, of 
which the ferns, mosses, &c., of the present period are the 
representatives : neither the stems nor the leaves of these 
ancient vegetables bearing any resemblance to the trees 
of the present day. About four hundred species of arbo- 
rescent or tree-ferns, and other plants belonging to the coal 
formation, have been described — some of them attaining to 
the height of seventy or eighty feet. 

Notwithstanding the conceded possibility that a portion 
of the coal-beds, with their sandy and shaly accompani- 
ments, have been the result of transportation, the most 
eminent modem geologists are understood to agree in the 
conviction that the great mass of these formations have 
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been derired " from trees, of vast size and close contiguity, 
submerged in tbeir native seats, without being removed 
from their place of growth, and marking their scarcely- 
disturbed prostration by the well-known impressions on 
the shale roofs and bottoms of their most delicate parts, 
which would have been greatly defaced, or quite obliter- 
ated, by even a little tossing and drifting. Detached pieces 
of trunks do indeed occur, whose denuded and broken state 
suggests a derivation from neighboring high land, and 
whose forms and positions prove them to have been acci- 
dental intruders : but the ide^ of masses of such vegetation 
as compose the coal-beds having floated from different 
quarters, and then, which must have been of necessity, ir- 
regularly and confusedly heaped together, appears to be 
absolutely irreconcilable with the facts exhibited in the 
impressions of the plants upon the shale, which has just 
been mentioned." 

The character of the fossil vegetation of the earlier 
epochs is such as to warrant the conclusion that the plants 
of that epoch grew under a climate both hotter and moister 
than that of any part of the earth at present ; and since, even 
in arctic regions, the fossil plants are found to be analogous 
to those now growing under the tropics, it seems probable 
that light as well as heat was more equally diffused. A 
great ocean, like the Pacific, interspersed with islands, ap- 
pears to have prevailed during the deposition of the older 
strata, over that part of the northern hemisphere in which 
are situated those countries whose geology has been most 
thoroughly and systematically explored. The absence of 
the remains both of marine and terrestrial mammalia seems 
to indicate that this order of animals was not created until^ 
an epoch comparatively recent The remains of land 
quadrupeds, imbedded in the older tertiary strata, are ex- 
clusively those of extinct genera ; while in the depositesof 
a more -recent period, we meet in northern latitudes with 



88 SCIENTIFIC DIVISIONS OF GEOLOGY. 

the remains of extinct species of genera now existing, but 
existing only in warm climates, such as the elephant, hip- 
popotamus, dinotherium, rhinoceros, &c. These are found 




gradually intermixed in the ascending order of the strata, 
with the bones of mammalia, identical in species with 
those now living under the existing climates of the tem- 
perate zone ; until at length we reaich the alluvial depos- 
ites, in which human remains occur, mixed with those of 
existing species of animals. The surprising grandeur and 
luxuriance which characterized the vegetation of the car' 
boniferous or coal-bearing strata, were doubtless the re- 
sult of the more general and copious^ diffusion of heat and 
moisture, the two fundamental conditions of vegetable life. 
The extensive continents, now elevated above the sea, 
were then but inconsiderable islands. The ocean, from 
its immense surface, and its greater intrinsic warmth, 
yielded a greater quantity of evaporation. The presence, 
in large quantities, of carbonic acid gas — an element con- 
stituting an imj^ortant portion of the nourishment of plants 
— also exerted a prominent influence in the production of 
this luxuriant vegetation, destined to supply to succeeding 
ages an inexhaustible store of materials for fuel. 
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** That the ancient seams of coal," observes Mr. Lyell, 
in his ^ Journal of a Tour in North America," ** were pro- 
duced for the most part by terrestrial plants of all sizes, 
not drifted, but growing on the spot, is a theory more and 
more generally adopted in modem times ; and the growth 
of what is called sponge in such a swamp and in such a 
climate as the Great Dismal (in Virginia), already cover- 
ing so many square miles of a low, level region bordering 
aa the sea, and capable of spreading itself indefinitely over 
the adjacent country, helps us greatly to conceive the man- 
ner in which the coal of the ancient carboniferous rocks 
may have been formed. The heat perhaps may not have 
been excessive when the coal measures originated, but the 
entire absence of frost, widi a warm and damp atmosphere, 
may have enabled tropical forms to flourish in latimdes far 
distant from the line. Huge swamps in a rainy climate, 
standing above the level of the surrounding firm land, and 
supporting a dense forest, may have spread far and wide, 
invading the plains, like some European peat-mosses when 
they burst ; and the frequent submergence of these masses 
of vegetable matter beneath seas or estuaries, as often as 
the land sunk dovni during subterranean movements, may 
have given rise to the deposition of strata of mud, sand, or 
limestone, immediately above the vegetable matter. The 
conversion of successive surfaces into dry land, where other 
swamps supporting trees may have formed, might give 
origin to a continued series of coal measures of great thick- 
ness. In some kinds of coal the vegetable texture is ap- 
parent throughout, under the microscope ; in others it has 
only partially disappeared ; but even in this coal the flat- 
tened trunks of trees of the genera lepidodendron, sigilla- 
ria, and others, ccmverted into pure coal, are occasionally 
met with, and erect fossil trees are observed in the overly- 
ing strata, terminating downward in seams of coal." 

" It appears, from the researches of Liebig and other 
8* 
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eminent ch3nnists, that when wood and vegetable matter 
are buried in the earth, exposed to moisture, and partially 
or entirely excluded from the air, they decompose slowly, 
and evolve carbonic acid gas— thus parting with a portion 
of their original oxygen. By this means, they become 
gradually converted into lignite, or wood-coal, which con- 
tains a larger proportion of hydrogen than wood does. A 
continuance of decomposition changes this lignite into com- 
mon or bituminous coal, chiefly by the discharge of carbu- 
retted hydrogen, or the gas by which we illumine our 
streets and houses. According to Bischofi', the inflamma- 
ble gases which are always escaping from mineral coal, 
and are so often the cause of fatal accidents in mines, al- 
ways contain carbonic acid, carburetted hydrogen, nitro- 
gen, and olefiant gas. The disengagement of all these 
gradually transforms ordinary or bituminous coal into an- 
thracite," &c. 

** Some imagine the air to have been so full of choke- 
damp during the ancient era alluded to, that it was unfit- 
ted for the respiration of warm-blooded quadrupeds and 
birds, or even reptiles, which require a more rapid oxygen- 
ation of their blood than creatures lower in the scale of 
organization, such as have alone been met with hitherto in 
the carboniferous and older strata. It is assumed that an 
excess of oxygen was set free, when the plants which 
elaborated the coal subtracted many hundred million tons 
of carbon from the carbonic acid gas which previously 
loaded the air. All this carbon was then permanently 
locked up in solid seams of coal, and the chymical compo- 
sition of the earth's atmosphere essentially altered. But 
they who reason thus are bound to inform us what may 
have been the duration of the period in the course of which 
so much carbon was secreted by the powers of vegetable 
life ; and, secondly, what accession of fresh carbonic acid 
did the air receive in the same. We know that in the 
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present state of the globe, the air is continually supplied 
with carbonic acid from several sources, of which the three 
principal are — first, the daily putrefaction of dead animal 
and yegetable substances ; secondly, the disintegration of 
rocks charged with carbonic acid and organic matter ; and 
thirdly, the copious ^evolution of this gas from mineral 
springs and the earth, especially in volcanic countries. 
By that law which causes two gases of different specific 
gravity, when brought into contact, to become uniformly 
diffUBed and mutually absorbed, through the whole space 
which they occupy, the heavy carbonic acid finds its way 
upward through all parts of the atmosphere, and the solid 
materials of large forests are given out from the earth in 
an invisible form, or in bubbles rising through the water 
of springs. Peat-mosses of no slight depth, and covering 
thousands of square miles, are thus fed with their mineral 
constituents, without materially deranging the constitu- 
ents of the atmosphere breathed by man. Thousands of 
trees grow up, float down to the delta of the Mississippi 
and other rivers, and are buried ; and yet the air, at the 
end of many centuries, may be as much impregnated with 
carbonic acid as before. Coral-reefs are, year after year, 
growing in the ocean — springs and rivers feed the same 
ocean with carbonic acid and lime ; but we have no rea- 
son to infer that when mountain-masses of calcareous rock 
have thus been gradually formed in the sea, any essential 
change in the chymical composition of its water has been 
brought about. We have no accurate data as yet for meas- 
uring, whether, in our own time, or at any remote geologi- 
cal era, the relative supply and consumption of carbon in 
the air or the ocean, causes the amount of those elements 
to vary greatly; but the variation, if admitted, would not 
have caused an excess, but rather a deficit of carbon in the 
periods most productive of coal or peat, as compared to 
any subsequent or antecedent epochs. In fact, a climate 
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fitYoring the rank and luxuriant growth of plants, and at 
the same time checking their decay, and giving rise to 
peat, or accumulations of vegetable matter, might, for the 
time, diminish the average amount of carbonic acid in the 
atmosphere^— a state qf things precisely the reverse of that 
assumed by those to whose views I am now objecting." 

Iron ore is frequently found in the vicinity of the coal- 
beds, accompanied in some instances by limestone and 
other stone adapted to the construction of furnaces, &c. 
It is also occasionally met with in the form of iron pyrites, 
possessing a metallic lustre. 

After the deposition of the carboniferous system, and 
prior to that of the overlying rocks, very extensive dis- 
turbances and dislocations appear, as has already been 
stated, to have taken place. In the British islands, the 
various coal-districts were universally disturbed and shaken, 
and faults or dikes are found passing in every direction. 
In some instances the dislocations appear to have been ac- 
companied with a violence sufficient to produce the actual 
overthrow of the strata. 

The Poikilitic (variegated) or new red sandstone system 
comprises a mass of arenaceous and argillaceous deposites 
immediately above the coal formation, the characteristic 
color of which is red, or red variegated with blue and other 
colors, yielding gypsum, magnesia, and rock-salt, in abun- 
dance, but extremely poor in organic remains. 

The Oolitic group, the next in the ascending series above 
the new red sandstone, is extremely rich in organic re- 
mains, chiefly marine, and entirely distinct from those of 
the system above and below it. These remains appear to 
have been suddenly enveloped in sediment, i^ as Mr. Dela- 
Beche has observed, they were not actually buried alive. 

The cretaceous system is the highest member of the 
secondary formations, and consists of the green sand and 
chalk depQsites. The organic remains are chiefly of ma- 
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rine origin, and afford a group entirely distinct from those 
of the oolitic rocks beloW, and the members of the tertiary 
strata above. Neither land nor fresh-water shells, nor 
bones of mammalia, have been met with in this system. 

With the chalk terminates the long series of the sec- 
ondary strata, in which all the species and many of the 
genera of organic bodies are distinct from those now living. 
The peculiar feature of the secondary strata seems to be 
the prevalence of numerous and gigantic forms of saurian 
reptiles — marine, amphibious, and terrestrial. 

Between the uppermost member of the secondary series, 
and the k)west of the tertiary, Mr. Lyell remarks a singu- 
lar discordance as to species of organic remains, none 
having, as yet, been discovered common to both. " This 
abrupt transition from one set of fossils to another," he 
observes, '< is also accompanied by evident signs of a 
change of climate ; the older tertiary species having a 
far less tropical aspect than those found fossil in the new- 
est secondary group." The prevalence and general diffu- 
sion, during those early periods when the lower secondary 
strata were in process of formation, of a high tempera- 
ture, indicated by the tropical luxuriance of the vegeta- 
tion from which the immense series of the coal formations 
t)riginated, are also attributed by this eminent geologist to 
the great preponderance of water over the land. This 
hypothesis, it must be admitted, is strongly countenanced 
by the existing economy of nature, and by the gradual re- 
duction of temperatuA consequent upon a different distri- 
bution of land and water. 

The greater part of the tertiary strata consists of un- 
consolidated beds, resembling deposites now in the course 
of formation ; and in these the shells are filled with loose 
sand or clay, and have merely parted with some of their 
animal matter ; in some cases even retaining their color. 
The tertiary strata are distinguished from the secondary 
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by the circumstances under which they appear to have 
been formed. From the occurrence of the secondary 
strata in large sheets of rock continuous over extensive 
areas, it would appear that, during their deposition, a 
great ocean must have prevailed over most of the northern 
hemisphere. The tertiary strata, however, were formed 
after the elevation of large portions of land ; and the di- 
vision of the European seas into groups, bays, and estuaries 
of limited extent, but great depth ; and occasionally al- 
ternations of marine and fluviatile deposites show that 
during this period the land was repeatedly elevated and 
submerged ; that large inland lakes were numerous, and 
large rivers constantly emptying themselves into gulfs of 
the sea. No species of fossils identical with those of the 
underlying secondary strata, have been discovered in these 
formations in Europe ; and they alone are found to con- 
tain fossil specimens of existing species ; more numerous 
in proportion as the strata are more recent. 

Numerous deposites, containing exclusively terrestrial 
remains and fresh-water shells and fishes prove that the 
continents and large islands of the tertiary epoch were ex- 
tensively covered by lakes. The strata of the eocene epoch 
were the first tertiary deposites that attracted the attention 
of geologists. The mammalian remains of the miocene- 
and pliocene epochs, are found drifted into seas and estu- 
aries, accompanied by marine shells, and in the neighbor- 
hood of contemporary accumulations on the surface of 
the land ; in lacustrine and fluvia4ile deposites, mixed 
with land and fresh water shells ; in caverns, such as the 
Kirkdale cave, in Yorkshire, which appears to have been 
long the abode of hyenas, by whom the remains of various 
animals were dragged in for food ; in fissures, connected 
with caves; and in accumulations of alluvial gravel 
covered by lava. They also occur mixed with marine 
shells of existing species, and with large boulders and 
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smaller detrittis transported from a great distance, by ex- 
traordinary marine currents. This erratic block group, 
as it is termed, separates the tertiary series from the 
modem group, comprising all those formations now com- 
pleted, or in progress, on the surface of the earth, or in 
its waters, which contain the remains of man and his 
works, or the remains of plants and animals of existing 
species. 

The tertiary epoch exhibits the closest analogy to the 
existing appearance of things. During the passage from 
this epoch to the modem period, marine currents of ex- 
traordinary yiolence appear to have dispersed large bould- 
ers from the north over the more central and southerly 
regions of Europe and North America ; and this state of 
things to have been succeeded by strata, containing the 
remains of man and of contemporaneous animals. As 
yet, no human remains have been found in or below the 
diluvial deposites, nor in any part of the tertiary strata ; 
but no evidence at present exists to enable us to deter- 
mine whether the most recent of these diluvial deposites 
preceded or followed the creation of man. 

Previous to the last diluvium of the tertiary series, there 
appears to have been a series of cataclysms in almost 
every part of the earth, submerging many species of ani- 
mals and vegetables, extinguishing their races, and leaving 
that deposite to which the name diluvium has been given ; 
deluges attended with more or less marks of great vio- 
lence in every country subjected to their action. 

All the strata, subsequent to the primary, with the ex- 
ception of the volcanic, seem to have been the deposited 
debris of the rocks, disintegrated and suspended during 
the particular convulsion that gave birth to the stratum ; 
every stratum differing ia mineralogical composition, and 
in the organic remains imbedded in it from that below 
and that above it ; and whenever the imbedded fossils are 
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the same^ in the same stratum in different regions and 
coontries, the strata so containing similar characterizing 
fossils, have been deposited in conformity to the same 
laWy and at one and the same geological period of time; 
and this, even though the mineralogical character of the 
stratum should not be, as it, however, generally is, similar 
in each region. 

Each formation or group of strata is found to be the 
peculiar receptacle of certain specific minerals. Tin is 
found in granitic districts only. Copper is most abundant 
in those and the adjoining rocks. Lead, silver, and some 
other metals exist in the carboniferous formation, upon 
which the great body of the coal measures rests, and are 
found in veins traversing the strata. Gold, although * 
rarely occurring in veins, is disseminated in small quanti- 
ties llirough the rocks in which it exists, and the principal 
supplies of it, as well as of platinum and diamonds, are 
derived from alluvial gravel, resulting from the destruc- 
tion of those rocks. Iron occurs in the greatest abundance^ 
interstratified with coal. Copper is not generally met 
with in series more recent than the old red sandstone. 
Coal is now almost universally regarded as vegetable 
matter accumulated during the earlier ages of the world , 
the wreck of primeval forests that flourished long anterior 
to the existence of the human race. 

The primitive strata contain sand, gravel, and othei 
materials, collected, as already shown, from the dissolu- 
tion of mineral bodies which must have had an existence 
long prior to the formation of the most ancient of the 
present continents. " In this gravel," says Playfair, " we 
sometimes find pieces of sandstone and of other com- 
pound rocks by which we are, of course, carried back a 
step further, so as to reach a system of things, from which 
the present is the third in auccession, and the most ancient 
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of which any memorial exists in the records of the fossQ 
kingdoms. 

" Next in the order of time to the consolidation of the 
primary strata, we must place their devation ; when 
from being horizontal, and at the bottom c^ the sea, they 
were broken, ^et on edge, and raised to the «ur&ce. It is 
even probable that to thi$ succeeded a depreseion of the 
same strata, and a siecond elevation^ so that they have 
ttoiee visited the superior, and twice the inferior regions ; 
and next were deposite4 the strata termed'secondary. 

** The third great event was the raising up Df this com- 
poand body of old and new strata from the bottom of the 
sea, and forming it into the dry land, or the continents a% 
they now exist. Contemporary with this, we must sup- 
pose the ii\jection of melted matter among the strata, and 
. ihe consequent formation of the crystallized and unstrati- 
fied rocks ; the granite, metallic veins, and veins of por- 
phyry, and trapstone. This, however, is to be considered 
as embracing a period of great duration. 

" In the fourth place, with respect to time, we must 
class the facts that regard the detritus and waste of the 
land ; the shaping of the existing inequalities of the sur- 
face ; the formation of hills of gravel, arid of the strata 
called tertiary, consisting of loose and unconsolidated 
materials ; collections of shells and petrifactions ; and 
lastly, the bones of land animals found in the soil." 

That the condition of the earth's surface has undergone 
a series of changes by submersion under oceanic or fresh 
water, and frequent elevation; and that each of those 
successive states continued many thousands of years, 
has been demonstrated beyond the possibility of doubt. 
Throughout all that portion of the earth's crust now ele- 
vated above the water, until we arrive, in the descending 
order, to the earliest strata, geologists have 'found un- 
questi<mable traces of the remains of animals, disposed 

9 
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in what must, originally^ have been a horizontal oisder, 
and spread over large surfaces — often of the same species, 
or family — in all stages of their growth, and retaining 
their distinctive characteristics and forms. In some por- 
tions of the secondary strata, the skeletons of gigantic 
animals of the lizard tribe are found, the stomachs of 
which contain the scales and bones of fishes. Each suc- 
cessive deposite or formation seems to be furnished with 
its own peculiar animal and vegetable remains, the differ- 
ing natures of which indicate great and progressive alter- 
ations in temperature and other circumstances connected 
with their existence. 

^ " Geology points," observes Mr. Trimmer, in his " Ele- 
ments," " to a bed of rock, a few feet in thickness, teem- 
ing with the remains of organic life : and from the succes- 
sive generation of individuals which it contains, and from 
other indications, proves that a very long period must have 
been required for its formation. . She then conducts us 
through a vast series of similar submarine deposites, five 
or six miles in depth, aboimding with the remains of plants 
and animals, and containing not only the relics of succes- 
sive generations of individuals, but of successively-created 
races, each group of strata having its peculiar group of or- 
ganic remains ; and finally leads us to those formations 
now in progress, in which he and his works are imbedded, 
together with the remains of the contemporary species of 
plants and animals. Man is found to be but a creature of 
yesterday, compared with the globe he inhabits, and with 
the other beings with which it has been peopled. The 
very species of plants and animals now existing are found 
to have been called into being before him, for their re- 
mains occur in older and deeper strata. The remains of 
existing species are gradually intermixed with those of 
species that have vanished from the face of the earth. 
The proportion of extinct species increases as we descend. 
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We come to lower beds still, in which not only extinct 
species occviiy but extinct genera. The forms of organic 
life recede more and more from existing types, till at last 
we lose all traces of them. During our progress through 
this vast -series of rocks, evidently of submarine formation, 
we meet with others bursting through them, which are 
clearly of igneous origin and derived from below. The 
lowest rocks we meet with are of this igneous character, 
and contain no organic remains. It may be that we have 
reached the records of a period when the world was unfit 
for the support of animal and vegetable life. It may be 
that the rocks in question once contained the remains of 
earlier races, but that all traces of tHem have been oblit- 
erated by the fusion to which the rocks have been ex- 
posed." — " The paucity of remains," remarks the same 
author in another place, " in the earlier fossiliferous strata, 
appears to favor the conclusion that the still older strati- 
fied rocks which contain no organic remains were deposit- 
ed when the ocean was destitute of living beings. It is, 
however, certain that we repeatedly see the commencement 
of new races. If we examine the marine remains of the 
strata, we find that the whole genera of shells now abun- 
dant in species in the existing seas, were not in being till 
after the deposition of the chalk formation. Other genera 
originated about the middle of the series, and soon became 
extinct, being represented by no species in the tertiary 
strata immediately succeeding the chalk. Some genera are 
peculiar to the lower group of rocks — not a single species 
of them occurring higher in the series than the coal meas- 
ures. A few, and but a few, genera^ commencing in the 
lowest fossiliferous strata, have species existing in the 
present seas." 

The formations containing vegetable remains may be ar- 
ranged, according to Professor Henslow, in four groups, 
representing epochs, during any one of which no marked 
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difference is obsenrable in the general character of the 
vegetation; but between any two of these groups the 
change is striking and decided — ^most of the genera and 
all the species being different. 

" As by studying the external configuration of the exist- 
ing land and its inhabitants," says Mr. Lyell in his '< Prin- 
ciples of Geology," " we may restore, in imagination, the 
appearance of the ancient continents which have passed 
away, so may we obtain from the deposites of ancient 
seas and lakes an insight into the nature of the sub-aque- 
ous processes now in operation, and of many forms of or- 
ganic life, which, though now existing, are veiled from 
sight. Rocks, also, produced by subterranean fire in for- 
mer ages, at great depths in the bowels of the earth, pre- 
sent us, when upraised by gradual movements, and ex- 
posed to the light of heaven, with an image of those 
changes which the deep-seated volcano may now occasion 
in the nether regions. Thus, although we are mere so- 
journers on the surface of the planet, chained to a mere 
point in space, enduring but for a moment of time, the hu- 
man mind is not only enabled to number worlds beyond 
the unassisted ken of mortal eye, but to trace the events of 
indefinite ages before the creation of our race, and is not 
even withheld from penetrating into the dark secrets of 
the ocean, or the interior of the solid globe ; free like the 
spirit which the poet described as animating the uni- 
verse : — 



" ire per omnes 

Terrasque, tractusque maris, coelamque profundum.*' 

The attention ofijj^ologists was at an early period di- 
rected to a variety ^f phenomena indicating the passage 
of large bodies of water at a recent epoch over a great 
part of the northern hemisphere. These evidences of di- 
luvial action consisted of gravel composed chiefly of frag- 
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ments of rocks in various states of attritioQ9*jniled with 
huge Mocks of granite and other rocks whiel^jxfust have 
heen drifted from a distance, and have frequenlly heen 
found lodged high on the flanks of mountains, b^sJt-vO^een 
which and the chain whence they were derived, "tenide and 
deep valleys are found to intervene. Bones of mamtgli^- 
ous quadrupeds, of existing genera, but extinct speciefl)*^^ 
of species existing at present only in warm climates, ha^C 
been discovered in this drifted matter, mixed with those -^ 
of existing species, and more recently with fragments of." 
marine shells of existing species, sometimes at considera- ^ 
ble height. These vast masses of diluvial gravel have 
been very generally attributed by geologists to violent ir- 
ruptions of water, the effects of a general deluge, or the 
impetuous action of glaciers, proceeding from the highest 
mountains of the north. 

The erratic-block period is supposed, by Professor Agas- 
siz. Dr. Buckland, and Mr. Lyell, to have been a period 
of intense cold intervening between the present era and 
that during which the large mammalia existed, whose re- 
mains are buried in and beneath the deposites hitherto re- 
garded as diluvial. It is supposed by these authors that 
during this glacial period the temperate regions of Europe 
and all countries where unstratified gravel is found, were 
overspread with glaciers and sheets of ice, like those now 
existing in Greenland ; that the unstratified boulder-clay 
was produced by the trituration of ice upon the surface of 
the rocks ; that the rounded, polished, and striated condi- 
tion of that surface was caused by the descent of the gla- 
ciers ; that the angular blocks occurring on the surface of 
the rounded materials were deposited in their present po- 
sition by the melting of the ice ; and that the disappear- 
ance of large bodies of ice produced enormous debacles, 
and considerable currents, by which erratic blocks were 
conveyed on masses of ice in diverging directions. 

9* 
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" For t]M*>»oving of large masses of rocks," observes 
Professor 'CJayfair, "the most powerful agents, without 
doubt, whidi nature employs, are the glaciers — those lakes 
or ritejrs of ice which are formed in the highest valleys of 
th^^lp/ and other mountains of the first order. These 
gj^t*masses are in perpetual ioaoticm, undermined from 
ti^shflux of heat from the earth, and impelled down the 
*deptivitres on which they rest by their own enormous 
, 'jupeight, together with that of the innumerable fragments 
, 'of rock with which they are loaded. These fragments 
. ' they gradually transport to their utmost boundaries, where 
a formidable wall ascertains the magnitude and attests the 
force of the great engine by which it was erected. The 
immense quantity and size of the rocks thus transported 
have been remarked with astonishment by every observer, 
and explain sufficiently how fragments of rocks may be 
put in motion, even where there is but little declivity, and 
where the actual surface of the ground is considerably un- 
even. In this manner, before the valleys were cut out in 
the form they now are, and where the mountains were 
still more elevated, huge fragments of rock may have been 
carried to a great distance: and it is not wonderful if these 
same masses, greatly diminished in size, and reduced to 
gravel and sand, have reached the shores, or even the bot- 
tom of the sea. Next in force to the glaciers, the torrents 
are the most powerful instruments employed in the trans- 
portation of stones," &c. M. Venetz, an intelligent engi- 
neer of the canton of Valais, in Switzerland, was the first 
to maintain, as early as 1821, the modem hypothesis of 
the former great extension of these glaciers as the trans- 
porting agents of erratic blocks. M. de Charpentier, an 
eminent mineralogist and geologist, became a convert to 
this doctrine in 1834 ; and in 1836 Professor Agassiz'adopt- 
ed the theory, and, in a very able work devoted to its con- 
sideration, seems disposed to admit the probability of a 
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fonner great envelope of ice in the extra-tropical regions 
of the globe. These theories are still undergoing exami- 
nation and discussion in Europe and America ; and how-^ 
ever strongly supported, can not yet be regarded as fully 
established. 
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PART IV. 

GEOLOGICAL FEATURES OF THE UNITED STATES, AND OF 
THE STATE OF NEW YORK. 

The primary rocks of the American continent, stratified 
and unstratified, are found generally to correspond in struc- 
ture and appearance with those of the eastern world, and 
are consequently easily identified with them. The vast 
basin of the Mississippi is mostly bounded on three sides 
by these rocks, while the secondary and tertiary strata are 
found chiefly in that valley and on the Atlantic slope, cov- 
ering an extent of area unequalled in any other part of the 
world. That portion of the fossiliferous rocks usually de- 
nominated transition or lower secondary, is immensely de- 
veloped, especially in the northern and eastern states, part 
of New York, and in those states through which the lon- 
gitudinal divisions of the great Appalachian chain of moun- 
tains extends. The Silurian formation presents extensive 
and strongly-marked features in western New York and 
in the western states generally. Particular formations are 
found associated, and running longitudinally, northerly, 
and southerly, through the entire continent — comprising 
the best and most valuable architectural materials, and the 
most useful minerals. Ores of iron, tin, copper, lead, and 
even gold and silver, abound ; and coal-fields of unequalled 
magnitude and richness, together with soils of every va- 
riety, furnish our rapidly-increasing population with all 
the means and resources of individual prosperity and na- 
tional wealth. Over vast regions there are no indications 
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of violent disturbance of strata, which seem, on the con- 
trary, to have been gently and gradually upheaved, often 
without fracture or dislocation for hundreds of miles. In 
the United States, there are no volcanoes, active or dor- 
mant. In South America, however, Central America, 
California, Mexico, and the West India islands, numer- 
ous volcanic vents exist 

With respect to aqueous or stratified rocks, we are ap- 
parently deficient in those strata lying in other countries 
below the chalk and above the new red sandstone, gener- 
ally designated as the oolitic formations. It is not im- 
possible, however, that this deficiency may yet be supplied 
by future observation and research. 

Mineral salt, in regular and very thick strata, has re- 
cently been discovered near Abingdon, in Virginia. This 
constimtes an interesting feature of our geology ; for while 
vast numbers of salt springs existed ig different portions 
of our country, no solid mineral salt had been discovered 
east of the Rocky mountains. 

The Appalachian or Ohio coal-field extends for a length 
of seven hundred and twenty miles from northeast to south- 
west, and its greatest width is about one hundred and 
eighty miles. That of Illinois, comprehending also parts 
of Indiana and Kentucky, is equal in dimensions to the 
whole of England, and consists of horizontal strata with 
numerous rich seams of bituminous coal. The coal is 
found in beds of considerable thickness ; and in one in- 
stance there exists a bed of forty feet thick, coming up to 
the surface, and quarried like stone. " I was truly aston- 
ished," observes Mr. Lyell in his " Travels in North Amer- 
ica," " now that I had entered the hydrographical basin 
of the Ohio, at beholding the richness of the seams of coal 
which appear everywhere on the flanks of the hills and at 
the bottom of the valleys, and which are accessible in a 
degree I never witnessed elsewhere. The time has not 
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yet arrived, the soil being still densely covered with the 
primeval forest, and manufacturing industry in its infancy, 
when the full value of this inexhaustible supply of cheap 
fuel can be appreciated ; but the resources which it will 
one day afford to a region capable by its agricultural prod- 
uce alone of supporting a large population, are truly mag- 
nificent. In order to estimate the natural advantages of 
such a region, we must reflect how three great navigable 
rivers, such as the Monongahela, Allegany, and Ohio, in- 
tersect it, and lay open on their banks the level seams of 
coal." 

" Almost the whole surface of North America," ob- 
serves Professor Rogers, " as far as examined, may be 
said to be covered with an investment of earth, pebbles, 
and boulders, obviously of diluvial origin. The thickness 
of this deposite varies, though its average depth may be 
said to be from ten to twenty feet. All that low and level 
tract described as the Atlantic plain, and also the lower 
sections of the great valley of the Mississippi, appear to 
be the districts where it conceals the underlying strata to 
the greatest depth. Over the whole of this extensive ter- 
ritory, it covers the horizontal strata of the tertiary and 
cretaceous deposites, and obscures them so effectually, 
that, except in the cliffs, along the rivers, and in the sides 
of the ravines and valleys, these formations are rarely or 
never exposed." On the Atlantic coast, this great mass 
of detritus consists of fine sand and gravel, which could 
only have been derivied from the interior, above the range 
of rocks bordering the tide. Advancing inward from the 
coast the diluvial mass becomes coarser and less sandy, 
the soil somewhat less barren, and the vegetation more 
diversified. "Over the upper portion of the Atlantic 
plain," he continues, in another place, " or nearest its rocky 
boundary, the mass contains the gravel in a much coarser 
state, mingled with clay sufficiently pure for bricks. 
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Rolled blocks and boulders of no inconsiderable size 
occur, especially in the valleys of the rivers, when within 
ten or twelve miles of the boundary mentioned. For 
many miles from the coast, there is rarely anything but the 
diluvium. In the central districts of the tract, the fossi- 
liferous strata, appear beneath it, though near the upper 
limits of this track these often disappear again, and the 
region immediately eastward of the rocky boundary pre- 
sents the diluvium covering another class of deposites, 
very different from the tertiary and secondary ; deposites 
which underlie it near the sea." Proceediag from the 
Atlantic plain toward the mountains, the diluvial matter 
is more irregularly distributed, in consequence of the un- 
dulations of the surface, and may be seen in the greatest 
quantity in the valleys of the rivers, the boulders which 
cover their beds and sides being almost invariably trace- 
able to formations which lie at some miles distance to the 
north and northwest. 

Dr. Drake, of Philadelphia, in a paper read before the 
American Philosophical Society, .in that city, nearly 
twenty years since, entitled a " Geological Account of the 
Valley of the Ohio," after describing the gravelly sub- 
stances or debris which occur in that region, and which 
are found of similar composition and character in the 
western and northern portions of the United States gen- 
erally, gives it as his opinion that they originated in the 
north, and were brought and deposited on the surface of 
this country by currents which in ancient times flowed 
from beyond the lakes to the gulf of Mexico. " A more 
recent formation," he observes, " than many of the allu- 
vial beds contained within these limits, is the stratum of 
loam spread over the surface of our hills and valleys in 
an overlaying position. This appears to be the same that 
M. De Luc considers as the last deposite made by the 
sea before its final retreat, and the last operation which 
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the waters of the north performed upon the region, and, 
of course, subsequent to the excavation of the valleys, as 
no deposite could have remained upon their acclivities 
while the agent which formed them continued its action. 
To this formation belong the great blocks which have ex 
cited in travellers so much astonishment, and which, in 
one point of resemblance at least, approximate the region 
south of the lakes so closely to that which stretches from 
the southern shores of the Baltic. The size of these 
masses extends from that of gravel and pebbles, to the 
diameter of eight or ten feet. I do not entertain a doubt 
that these fragments were enveloped in large fields of ice, 
in a region far beyond the lakes, and floated hither by the 
same inundations that brought down and spread over the 
surface of this country the geest in which they are im- 
bedded. In the southern parts of this formation, they are 
not found : but this should be attributed to the influence 
of the climate. The ice to which they were attached, 
could not, of course, pass a certain latitude ; and from the 
great increase of these masses as we advance toward the 
north, it would seem that many of the icebergs suffered 
dissolution long before they arrived at this maximum. 
Future observers will, no doubt, trace them to their parent 
strata in the arctic region, as Von Buch has traced those 
which are lodged on the shores of the Baltic. The ice- 
islands of the Atlantic ocean may reasonably be supposed 
to bring down and deposite on its bed in the temperate 
zone, primordial masses similar to those spread over some 
parts of this and the European continent." 

From these facts and this mode of reasoning, it would 
seem that at some former period, the ocean flowed ovei 
this continent, with a current setting from north to south 
giving character to the present features of the country 
Mr. Hayden has pursued the same inquiry in regard to th\ 
rivers and soils on the Atlantic coast, with the same re 
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suit "Let it be established," observes a writer in the 
North iA.mericaii Review, " that the rocky fragments de- 
posited throughout the alluvial formations of this country, 
are of precisely the same kind as the primitive masses in 
the polar regions of the American continent, and the 
demonstration will approach a degree of certainty satis- 
factory to most minds." 

Professor H. D. Rogers, however, in his address before 
the Association of American Geologists and Naturalists, 
at Washington, in 1844, inclines to the opinion that no 
general permanent submersion of the land took place as 
above supposed ; but that one or more paroxysmal move- 
ments of the earth's crust in the higher northern latitudes, 
accompanied by energetic and extensive undulations of 
the surface, caused a rush of the northern waters, charged 
with ice and huge fragments of rock, in a succession of 
tremendous deluges southward across the continent. 

The highly inclined and contorted appearance of a por- 
tion of the strata composing the lofty cliffs of Gayhead at 
the westem end of the island of Martha's Vineyard, in 
New England, afford unquestionable proof of a great 
series of subterranean movements in this part of the 
American continent, between the miocene epoch and the 
boulder period. "The Jertiary clays and sands of the 
island," observes Mr. Lyell, " are for the most part deeply 
buried beneath a mass of drift, in which lie huge erratic 
blocks of granite, often from twenty to thirty feet in 
diameter, which must have come from the north, proba- 
bly from the mountains of New Hampshire. This cover- 
ing of granite detritus imparts to the soil a sterile charac- 
ter, totally different from that which would naturally 
belong to the tertiary clays and marls." 

Immediately underneath this general investment of 
diluvium occurs a group of beds of no inconsiderable 
extent which, in their phenomena,- seem to cast important 

10 
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light upon the fonner revolutions of the Atlantic side of 
the continent — pointing to a period when this coailt had a 
yery different configuration, and denoting, in a striking 
manner, one of the revolutions which have impressed 
upon the tract included between the sea and the moun- 
tains, the peculiar feature which it now bears. It has 
evidently been formed under different circumstances from 
the other tertiary beds of the continent, and at a period 
apparently much more recent ; and is termed by Professor 
Rogers, ancient alluvium. " Its beds," he observes, " con- 
sist generally of numerous alternating deposites of gravel, 
sand, various colored tenacious clays, often black and fer- 
ruginous conglomerates, iron ore, and lignite. They 
occur exposed in the deeper sections of our canals and 
railroads, and in the banks of some of the rivers, where 
they usually reach from the water*s edge to an elevation 
of sixty, seventy, or more feetr They extend along the 
upper edge of the Atlantic plains ranging along the east- 
em base of the rocky Atlantic slope, in a belt several 
miles wide, and appearing at intervals, where the rivers 
have cut through, them, from the coast of Massachusetts, 
as far at least, it is believed, as the Mississippi." Pro- 
fessor Hitchcock describes them under the name of the 
most recent tertiary. He, however, makes a distinction 
between these and other similar beds, which he denomi- 
nates plastic clay. ** The first," he says " are horizontal 
layers of white siliceous sand and blue plastic clay almost 
entirely destitute of organic remains. These beds consti- 
tute most of the level and elevated terraces along tile 
valley of the Connecticut and other rivers of New Eng- 
land ; the height of the plains above the water ranging 
from fifty to one hundred feet. In some places, the clay 
beds alone compose the cliff, and are from forty to more 
than seventy feet thick. They repose beneath fifteen 
or twenty feet of diluvial matter. Their position and 
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all their features, here and elsewhere, indicate a general 
uplift of the strata along the whole line of the primary 
boundary, when that boundary formed the coast, arid a 
consequent emergence of these beds from about the . 
water level where they seem to have grown as marshy 
deltas, accumulated along the ancient mouths of the 
rivers. On this supposition, the mouths of the Atlantic 
rivers were at the points where they now form their falls, 
and break through the boundary of the older rocks ; and 
all the conspicuous deposites of these clays, imbedding 
the trunks of trees and lignite, are opposite to or near the 
same points." 

The organic remains found in the various strata and 
formations of this continent correspond in genera, and 
many of them are identical in species with those found in 
the corresponding European strata. 

The rocks of the AUeganies or Appalachian chain of 
mountains consist of the Silurian, Devonian, and car- 
boniferous groups of the European formations, but appear 
to be folded as if they had been subjected to a great 
lateral pressure when in a soft and yielding state, large 
portions having been afterward removed by denudation. 




" No traveller," says Mr. Lyell, " can fail to remark the 
long and uniform parallel ridges, with intervening valleys, 
like so many gigantic wrinkles and furrows, which mark 
the geographical outline oi this region ; and these ex- 
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temal features are found by the geologist to be intiinately 
connected with the internal arrangement of the stratified 
rocks. The long and narrow ridges, rarely rising more 
than two thousand feet above the valleys, and usually not 
more than half that height, are broken here and there by 
transverse fissures which give passage to rivers. The 
strata are most disturbed on the southeastern flank of the! 
mountain chain, and become less and less broken and in- 
clined as they extend westward." 

"Starting from the shores of the Atlantic," observes the 
same writer, in his interesting description of the structure 
and origin of the Appalachian chain of mountains, " on the 
eastern side of the continent, we first come to a low region 
which was called the alluvial plain by the first geogra- 
phers. It is occupied by tertiary and cretaceous strata, 
nearly horizontal, and containing in general no hard and 
solid rocks, and is usually not more than from fifty to 
one hundred feet high, from New Jersey to Virginia. 
In these states, this zone is not many leagues in breadth, 
but it acquires a breadth of one hundred and one hundred 
and fifty miles in the southern states, and a height of sev- 
eral hundred feet toward its western limits. The next 
belt consists of granitic rocks (hypogene), chiefly gneiss 
and mica-schist, covered occasionally with unconformable 
red sandstone, remarkable for its ornithicrites. Sometimes, 
also, this sandstone rests on the edges of the disturbed pal- 
eozoic rocks. The region sometimes called. the 'Atlantic 
slope' corresponds nearly, in average width, with the low 
and flat plain whence it rises, and is characterized by hills 
of moderate height, contrasting strongly, in their rounded 
shape and altitude, with the long, steep, and lofty parallel 
ridges of the Allegany mountains. The narrow and par- 
allel zones of the Appalachians, here mentioned, consist of 
strata folded into a succession of convex and concave flex- 
ures, subsequently laid open by denudation. The compo* 
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nent rocks are of great thickness, all referable to the Silu- 
rian, Devonian, and carboniferous formations. There is no 
principal or central axis, as in the Pyrenees and many 
other chains — no nucleus to which all the minor ridges con- 
form ; but the chain consists of many nearly equal and par- 
allel foldings, having what the geologists term an anticli- 
nal and synclinal arrangement. This system of hills ex- 
tends, geologically considered, from Vermont to Alabama, 
being more than one thousand miles long, from fifty to one 
hundred and fifty miles broad, and varying in height from 
two thousand to six thousand feet. Sometimes the whole 
assemblage of runs rises perfectly straight for a distance 
of juore than fifty miles, after which all of them wheel 
round together, and take a new direction, at an angle of 
twenty or thirty degrees to the first 

" Mr. R. C. Taylor had made considerable progress in 
unravelling the structure of certain portions of this chain, 
before the commencement of the state survey of Virginia 
and Pennsylvania — the former conducted by Professor W. 
B. Rogers, the latter by his brother. Professor H. D. Rogers 
— both aided by a numerous corps of assistants. To these 
elaborate and faithful surveys we owe the discovery of the 
clue to the general law of structure prevailing throughout 
this important range of mountains, which, however simple 
it may appear when once made out and clearly explained, 
might long have been overlooked, amid so great a mass 
of complicated details; It appears that the bending and 
fracture of the beds is greatest on the southeastern or At- 
lantic side of the chain, and the strata become less and less 
disturbed as we go westward, until at ledgth they regain 
their original or horizontal position. On the eastern side, 
or on the ridges and troughs nearest to the Atlantic, the 
southeastern dips predominate, in consequence of the beds 
having been folded back upon themselves — those on the 
northwestern side of each arch having been inverted. The 
10* 
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next set of arches are more open, each having its western 
side steepest : the next opens out still more widely — the 
next still more — and this continues until we arrive at the 
low and level part of the Appalachian coal-field. 

" The movements which imparted so uniform an order 
of arrangement to this vast system of rocks must have been 
contemporaneous, or belonging to one and the same series, 
depending on some common cause. Their geological date 
is unusually well defined. We may declare them to have 
taken place after the deposition of the carboniferous strata, 
and before the formation of the red sandstone. The great- 
est disturbing and denuding forces have evidently been ex- 
erted on the southeastern side of the chain, and it i» here 
that igneous or plutonic rocks are observed to have in- 
vaded the strata, forming dikes, some of which run for 
miles in lines parallel to the main direction of the Appa- 
lachians, or north-northeast and south-southwest. Accord- 
ing to the theory of the Professors Rogers, the wave-like 
flexures above alluded to are explained by supposing the 
strata, when in a plastic state, to have rested on a widely- 
extended surface of fluid lava, and elastic vapors and gases. 
The billowy movement of this subterranean sea of melted 
matter imparted its undulations to the elastic overlying 
crust, which was enabled to retain the new shapes thus 
given to it by the consolidation of the liquid matter inject- 
ed into fissures. For my own part, I can not imagine any 
real connexion between the great parallel undulations of 
the rocks, and the real waves of a subjacent ocean of liquid 
matter, on which the bent and broken crust may once have 
rested. That there were great lakes or seas of lava, re- 
tained by volcanic heat for ages in a liquid state beneath 
the AUeganies, is highly probable ; for the simultaneous 
eruptions of distant vents in the Andes, leave no doubt of 
the wide subterranean areas permanently occupied by 
sheets of fluid lava in our own times. It is also consistent 
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with'What we know of the laws governing volcanic ac- 
tion to assume that the force operated in a linear direction, 
for we see trains of volcanic vents breaking out for hun- 
dreds of miles along a straight line, and we behold long 
parallel fissures often filled with trap or consolidated lava, 
holding a straight course for great distances through rocks 
of all ages. The causes of this peculiar mode of develop- 
ment are as yet obscure and unexplained ; but the exist- 
ence of long, narrow ranges of mountains, and of great 
faults and vertical shifts in the strata, prolonged for great 
distances in certain directions, may all be results of the 
same kind of action. It also accords well with established 
facts to assume that the solid crust, overlying a region where 
the subterranean heat is increa'sihg in extent, becomes grad- 
ually upheaved, fractured, and distended, the lower part of 
the newly-opened fissures becoming filled with fused mat- 
ter, which soon consolidates and crystallizes. These up- 
liftmg movements may be propagated along narrow belts 
placed side by side, and may have been in progress simul- 
taneously, or in succession, in one narrow zone after anoth- 
er. When the expansive force has been locally in opera- 
tion for a long period, in a given district, there is a ten- 
dency in the subterranean heat to diminish : the volcanic 
energy is spent, and its position is transferred to some new 
region. Subsidence then begins, in consequence of the 
cooling suid shrinking of subterranean seas of lava and 
gaseous matter : and the solid strata collapse in obedience 
to gravity. If this contraction take place along narrow 
and parallel zones of country, the incumbent flexible strata 
would be forced, in proportion as they were let down, to 
pack themselves into a smaller space, as they conformed 
to the circumference of a smaller arc. The manner in 
which undulations may be gradually produced in pliant 
strata by subsidence is illustrated, on a small scale, by the 
creeps in coal-mines: there both the overlying and under- 
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lying shales and clays sink down from the ceiling, or rise 
up from the floor, and fill the galleries which have heen 
left vacant by the abstraction of the fuel. In like manner, 
failure of support, arising from subterranean causes, may 
enable the force of gravity, though originally exerted ver- 
tically, to bend and squeeze the rocks, as if they had been 
subjected to lateral pressure. 

" < Earthquakes have raised to hearen the humble vale, 
And gulfs the mountain's mighty mass entombed— 
And where the Atlantic rolls, wide continents liare bloomed.' 

" In applying these lines to the physical revolutions of 
the territory at present under consideration, we must re- 
member that the continent which bloomed to the eastward, 
or where the Atlantic now rolls its waves, was anterior to 
the origin of the carboniferous strata which were derived 
from its ruins ; whereas, the elevation and subsidence sup- 
posed to have given rise to the Appalachian ridges, was 
subsequent to the deposition of the coal measures. But 
all these great movements of oscillation were again dis- 
tinct from the last upheaval, which brought up the whole 
region above the level of the sea, laying dry the horizontal 
new red ^ndstone, as well as a great part, if not all, of the 
Appalachian chain. 

" The largest amount of denudation is found, as might 
have been expected, on the southeastern side of the chain, 
where the force of expansion and contraction, of elevation 
and subsidence, has been greatest. The first set of denu- 
ding operations may have taken place when the strata, in- 
cluding the carboniferous, were first raised above the sea ; 
a second, when they sank again ; a third, when the red 
sandstone, after it had been thrown down on the truncated 
edges of the older strata, participated in the waste. The 
great extent of solid materials thus removed must add, in 
no small degree, to the difficulty of restoring in imagina- 
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tion the successive changes which have occurred, and of 
accounting in a satisfactory manner for the origin of this 
mountain-chain. " 

" It is very probable that the Silurian, Devonian, and 
carboniferous strata which enter into the composition of 
the Appalachians, underwent the principal movements of 
upheaval and subsidence to which their prevailing struc- 
ture is due, at a time when they were still submerged be- 
neath that ocean in which they were originally formed — 
for that they were at first marine deposites, is testified by 
their imbedded corals And shells. It is therefore certain 
that they have undergone some elevation before they ar- 
rived at their present position. But we can not infer from 
this fact that movements of elevation rather than of subsi- 
dence have been most effective in impressing upon them 
their present structure. From the fact that nearly hori- 
zontal beds of newer red sandstone are found to rest un- 
conformably on the inclined strata of the AUeganies, it 
is obvious that the last series of movements which up- 
raised this continent was quite distinct from those prior 
movements which* threw the ancient strata into their in- 
clined and curved position." 

Speaking of the bed of anthracite at Maunch Chunk, or 
the Bear mountain, in Pennsylvania, Mr. Lyell remarks : 
" The vegetable matter which is represented by this enor- 
mous mass of anthracite must, before it was condensed by 
pressure and the discharge of its hydrogen, oxygen, and other 
volatile ingredients, have been probably between two hun- 
dred and three hundred feet thick. The accumulation of 
such a thickness of the remains of plants so unmixed with 
earthy ingredients, would be most difficult to explain on 
the hypothesis of their having been drifted into the place 
they now occupy ; but it becomes intelligible if we sup- 
pose them to have grown on the spot. Whether we re- 
gard the stigmaria as roots, according to the opinion of 
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M. Adolphe Brongniart and Mr. Biimey, or embrace the 
doctrine of their being aquatic plants, no one can doubt 
that they at least are fossilized on the very spot where they 
grew ; and as all agree that they are not marine plants, 
they go far to establish the doctrine of the growth in situ 
of the materials of the overlying coal-seams. - 

" The prodigious thickness of the carboniferous rocks ia 
this part of the Appalachian chain is i& harmony with the 
theory already alluded to, which requires the repeated 
sinking down of many successive terrestrial surfaces, al- 
lowing an indefinite quantity of sediment to be superin^ 
posed vertically in one continuous series of beds. The 
surveys of Pennsylvania and Virginia show that the sou^- 
east was the quarter whence the coarser materials of the 
carboniferous rocks were derived, and there are proofs that 
the ancient land lay in that direction — the deep sea with 
its banks of coral and shells to the west." 

The anthracite coal measures occurring in the eastern or 
most disturbed part of the Appalachian chain are fragments 
or outliers of the great continuous coal-field of Pennsylva- 
nia, Virginia, and Ohio, about forty miles westwardly. 
This coal-field is remarkable for its vast area, extending 
continuously from northeast to southwest a distance of 
seven hundred and twenty miles, its greatest width being 
one hundred and eighty miles, and occupying a superficial 
area of upward of sixty-three thousand square mjles. 

With the exception of the unconsolidated superficial re- 
cent deposites, occupying a very limited area, all the rocks 
of the state of New York are older than the coal forma- 
tion — belonging either to the unstratified crystalline, th^ 
primary of older writers — the stratified non-fossil if erous — 
or to the older secondary fossiliferous strata,, terminating 
in the lowest member of the coal formation, on the high- 
est elevations, near the Pennsylvania line. The question, 
therefore, as to the existence of coal within the boundary 
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of the State is folly and coDclosiyely settled in the n^^- 
tire ; and the knowledge of this fact will effectually pre- 
yent the inrestment of farther labor and capital in the 
fimitless search fofr this mineral in oar borders. Its exist- 
ence, howerer, in inexhaustible abundance, near the state 
line in Pennsylvania, affords an ample compensation when 
we take into account the constantly increasing facilities for 
tninq[KVtation whidi modem enterprise is engaged in sop- 
I*nng. 

The noa4bs8iliferoas rocks of the primary system, both 
ctyrtaHine and stratified, are confined within an irregular 
circular area in the northeast, and a small triangular cor- 
ner in the soatheast, comprising in the whole about one 
third of the area of the state. The prevailing rocks in 
this series are gneiss, mica-schist, talcose slate, and crys- 
talline limestcme. Granite exists, but it is quite unimpor- 
tant both in extent and valoe. The hypersthene series of 
rocks, traver^d by large and valuable beds and veins of 
iron ore, extends over nearly the whole of Essex county. 
Primitive limestone, serpentine, hornblende, sienite, talc, 
porphyry, and trap, are found in the northern portions of 
the state. Of these, the hypersthene rock and the primary 
limestone are the most important — the former for its rich 
supply of iron ore, and the latter for agricultural purposes. 
On the extreme eastern boundary of the state, and extend- 
ing into Vermont and Massachusetts, we find the Taghkanic 
range of the Appalachian chain, between the New England 
primary on the east, and the lowest fossiliferous rocks of 
New York on the west. These rocks are supposed to be the 
equivalents of the lower Cambrian of Professor Sedgwick 
— the lower Silurian of Mr. Murchison. Their most im- 
portant economical products are the white and clouded 
marbles furnished by the calcareous beds, and the white 
siliceous sand for glass and sand-paper, and for sawing 
marble, procured from the granular quartz of this forma* 
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tion. No instance of any description of injected rocks has 
been discovered in this system — whence it is reasonable to 
infer that few if any disturbances have occurred since the 
general elevatioa of the surface. 

The older fossiliferous rocks, occupying the entire area 
between the great northern and western lakes and the 
southern boundary of the state, and comprising at least 
two thirds of its extent, form the characteristic features of 
its geology, and have hence received their distinctive des- 
ignation as the New York system. The Potsdam sand" 
stone, forming the base, of the Champlain group of this 
system, is the oldest fossiliferous rock yet discovered in the 
United States. In an economical point of view, however, 
the Ontario division is the most important — furnishing, as 
it does, an abundant supply of plaster, water-lime, and salt- 
water, besides affording fine deposites of fossiliferous iron 
ore. The middle beds of this division correspond with the 
base of the upper Silurian system of England, 

The carboniferous, oolitic, and cretaceous systems of the 
eastern hemisphere are entirely wanting in our formations, 
as is also the tertiary, in the usual acceptation of the term, 
The new red sandstone is partially developed in the south- 
east. 

There are two primary regions in the slate, separated 
from each other by the intervention of a narrow belt of 
sedimentary rocks ; one in the northern part of the state, 
terminating at Little Falls, composed of hypersthene 
rock, granite, serpentine, primitive limestone, gneiss, and 
sienite, nearly circular in its form and surrounded by 
transition rocks ; the other in the southern and southeast- 
em portion, of comparatively small extent, and embracing 
the southeastern part of Orange county, including in its 
more elevated portions the Highlands, and parts, of 
Columbia, Dutchess, and Rensselaer counties, adjacent to 
the Hudson river, on the east. In addition to the rocks 
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above enumerated, mica and talcose slate are found in 
this region. 

The Adirondack group of mountains, the highest in the 
state, is composed of a peculiar kind of granite — dark- 
colored and coarsely crystalline — unstratified, although 
traversed by natural joints similar to the conmion granite. 
This rock has been denominated hypersthene ; this min- 
eral constituting one of its elements. Some of its varie- 
ties are of a light color; others, gray and dark. The 
hypersthene rock is limited in extent chiefly to the county 
of Essex. 

Granite, as has heretofore been observed, constitutes a 
very unimportant part of the primary formations of the 
state ; occurring only in limited areas, and seldom of a 
quality suitable for building. It is found in portions of 
St. Lawrence county, and at intervals of greater or less 
extent throughout the primary region ; associated usually, 
and frequently mechanically combined with the primitive 
limestone. Irl the southern primary district, it presents 
numerous varieties of texture from a coarse-grained to a 
perfectly compact rock ; and is commonly found in beds, 
interstratified with gneiss. This species of rock, of a 
quality equal to the granite of Massachusetts or Maine, is 
abundantly developed in the counties of New York, Put- 
nam, Westchester, and Orange. 

Serpentine, occasionally incorporated with the primi- 
tive limestone, and in some places with iron ore, is of 
frequent occurrence in the primary regions. Veins of 
limestone are sometimes found penetrating the superin- 
cumbent granite, although in general, the primitive lime- 
stone occurs in connexion with and sometimes immedi- 
ately under this rock. Its most extensive development 
is in St. Lawrence county; and its igneous origin is 
manifest from the incorporation with it of various min- 
11 
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era] 8, such as plumbago, serpentine, quartz, mica, and 
augite. 

The predominant rock, both in the northern and southern 
primary regions of the state, is gneiss, varying, however, 
in appearance and composition, in different sections. In 
the Highlands, it assumes the shape of sienite ; as a sys- 
tem, it embraces gneiss, sienite, mica-slate, hornblende, 
talcose slate, and other stratified rocks. 

The rocks of the Taghkanic range of mountains, on 
the eastern border of the state, adjacent to Vermont, 
Massachusetts, and Connecticut, rising to an elevation of 
nearly two thousand feet, may also be regarded as belong- 
ing to the primary formation. They are composed of a 
peculiar talcose or magnesian slate, white, gray, and 
clouded limestone, varying in texture from fine to coarse 
granular, frequently interlaminated with slate, and granu- 
lar quartz, or brown silecious sandstone, occasionally in- 
terspersed with beautiful white quartz in a disintegrating 
state. The most important and at the same time most 
abundant of the valuable minerals found in the primary 
rocks is iron ore. No deposites of the ores of lead, zinc, 
or copper, in any valuable quantity, have as yet been dis- 
covered. In the transition rocks, salt, water-lime, and 
plaster, are found in abundance. The lowest rock of the 
coal formation occupies some small patches in the south- 
western part of the states ; but none of the coalrbearing 
strata approach nearer than within six miles of the state 
line. 

" Surrounding the entire region of primary rocks," ob- 
serves Professor Hall, " there was first a siliceous deposite 
and subsequently a calcareous one, in the latter of which 
are imbedded myriads of corals, crinoidea, shells, &c. 
All these are the inhabitants of an ocean, and all are im- 
bedded in limestone and slate, the former produced par- 
tially from the broken remains of marine animals, and 
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partially also from other sources. The rocks of this for- 
mation are described in the reports under the name of 
Black River and Trenton limestones, from their great 
development on the Black river, in Jefferson county, and 
at Trenton falls, in Oneida county. The beautiful cas- 
cades and magnificent scenery, at Trenton falls, are pro- 
duced by the upper of these limestones, through which 
the stream has cut its way for several miles, passing over 
six successive falls. 

" That singular race of animals, known as trilobites, 
also flourished at this period, and their remains abound 
in many of the strata. In the investigations made in 
New York, these animals are shovm to have been among 
the earliest created things, and very few indee^ preceded 
them." 

The rocks from which this species of fossils is derived, 
are nearly at the bottom of the series, and above them are 
other rocks, each containing, its organic remains, its fos- 
sils, corals, shells, and trilobites. The following are 
specimens of the most common kinds, although they are 
usually found only in fragments. 





1. Head of Asaphns limularus. 



3. Calymene Niagarensis. 
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3. Asaphus limolurus. 



4. Bumastis Barriensis. 



" There is one thing which should be early impressed ; 
a principle inculcated throughout the geological reports, 
and founded in nature. Every rock contain fossils pecu' 
liar to itself, and which do not appear in any other, 

" Perhaps it may be asked of what practical applica- 
tion is this knowledge ? But we shall readily see ; for in 
the same geological position over the extent of the entire 
continent, the same fossils are found. If there were any 
mineral substances, which we were seeking in the rocks 
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above or below the one in which a given series of fossils 
was found, these fossils would be the most unerring 
guides, and the landmarks on which we could always 
rely. The^ same rule holds good when we approach the 
coal-bearing strata, and organic remains become the sure 
guides in our search after these rocks. The evidence, 
when once acquired, is applicable over entire countries, 
and indeed over the entire globe : and a geologist relies 
upon them with the same certainty and security that a 
miner does upon boring into the solid strata." 

" Such is a glance at the practical use of organic remains. 
Viewed philosophically, they present us the chain of 
creation from the most remote periods, when the vital 
principle first assumed its prerogative on earth, through 
incalculable ages up to the presej^^^ time. Geology ,/founded 
on the succession of organic reniains, presents one of the 
most beautiful systems of natural operations in the visible 
creation. The beauty and harmony here displayed should 
be enough to move the most indifierent to regard such 
things. When we reflect, also, that by this means we 
are enabled to know at all times and in all places, our 
geological position; our latitude and longitude, as it 
were ; and to know what resources are within our reach 
from these objects, it then becomes a subject worthy the 
utilitarian, and aiding him in his pursuits, is an accessory 
to more physical investigations." 

The limestones to which we have above referred are 
succeeded by a black shale, common in the Mohawk val- 
ley, containing but few fossils of which those in the an- 
nexed cut are most common, and on which the city of 
IJtica is built ; from which it has received the name of 
Utica slate. 

This is succeeded by shales and sandstones, a formation 
accompanied m ipany instances by the most beautiful and 
attractive scenery. "In Oswego and Lewis counties," 
11* 
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1. Head of Triarthrus beckii. S. Graptolites dentatiu. 

3. Trocholithns. 

continues Professor Hall, in the sketch to which we are 
principally indebted for the details of these successive 
formations, " and in the southern part of Jefferson, they 
are indented by long and deep ravines, with almost verti- 
cal sides, winding their course from the highest part of 
the country down to the level of the limestone platform 
on which they rest. These rocks, which in the north- 
western part of the state present this regular and uniform 
appearance, are the same as those along the Hudson 
river, from Washington county to near the Highlands. 
Here, however, instead of presenting this regular struc- 
ture, they are twisted and contorted, often standing on 
their edges, and frequently so disturbed that the strata 
can scarcely be followed. It is in these rocks along the 
Hudson river that so much search has been niade for coal. 
The slate or shale, having often a smooth and shining 
appearance, or, as it is termed, glazed, and breaking out 
in irregular masses, gives to the inexperienced, a hope of 
finding coal. No excavation, however, proves anything 
more than can be seen upon the surface ; the whole mass 
consists of similar materials, the carbonaceous matter 
being barely sufficient for coloring the rock. It is much 
to be desired that this idle search for coal should cease. 
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and every man having confidence in the results of scien- 
tific investigation should exert himself to suppress it. 
Nothing can be more certain than that this rock is very- 
remote from any coal-bearing strata, and from repeated 
investigations of its whole thickness, it is quite evident 
that no coal can exist in it. It is the same rock m which 
excavations have been made in some places in the valley 
of the Mohawk, and with the like success to that in the 
Hudson valley. Many specimens and boxes of the same 
glazed slate have been sent to different individuals, and 
to the state collection, under the name of coal, with a 
request to give an opinion as to its value, which is no 
more than that of common clay. The nature of the fos- 
sils, common to the rock, afi'ord, of themselves, conclu- 
sive evidence that the strata are remote from the coal- 




1. TriarUurus beckii. 
3. Nucula Bcitula. 



3. Cypricardia sinuata. 

4. Nucula poststrlata. 



9. Avicula. 

6. Lingula rectilateralia. 
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bearing rocks, which always contain the remains of 
vegetables, such as feras and the like, while in these 
rocks no such fossils are ever seen." 

" The rock succeeding this group is one of gray sand- 
stone, or a conglomerate of quartz, pebbles, and sand. It 
resembles, in general character, the millstone grit of Eng- 
land, a rock associated with the coal measures ; and from 
this circumstance it was, many years since, supposed to 
be connected with similar strata in New York. The in- 
vestigations during the geological survey have for ever set 
at rest this question, by proving it to l?e far below any coal- 
bearing strata. 

Following this rock, and associated with it, we have a 
red and variegated sandstone, which borders Lake On- 
tario, from the Oswego river to the Niagara. From its 
resemblance to the new red sandstoneof Europe, and from 
containing brine-springs, it was once regarded as its equiv- 
alent, and it was even supposed that coal would be found 
by boring through it. This erroneous opinion arose from 
depending upon the mineral nature of the rock, and from 
the presence of brine-springs, which occur in the new red 
sandstone of Europe, a rock overlying the coal measures. 
The brine-springs of this rock, however, have generally 
proved too weak, or the quantity of water too small, for 
profitable exploration ; and the geological survey has 
shown that this is not the position of the true salt forma- 
tion of the slate. This rock presents some interesting 
scenery, forming the falls on the Oswego and Genesee 
rivers, and the fall at Medina on Oak-Orchard creek, and 
again appearing in the banks of the Niagara at Lewiston, 
and at the Whirlpool. The picturesque fall at Medina 
occurs at a point where the naturalist will find this rock 
rich in fossils, it being generally nearly destitute of them 
in other places. Among the most remarkable, we find the 
Fucoides Harlaniy which have the appearance of roots 
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1 and S. Euomphalus penretxistas. 

4. Orbicu]a parmulata. 
and 7. Bellerophon trilobatds. 



3. Cypricardia alata. 
5. Lingula cuneata. 




I. Fucoides biloba. 2. Tail of HemiciTrptunis. 3. Crinoidaljoinf. 
4. Lingula oblonga. 5. Strophomena depressa. 

branching in various directions and covering large sur- 
faces. It was probably a marine vegetable, like the sea- 
weeds, which grew upon the bottom, and was covered 
with mud. This rock in some places furnishes valuable 
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building-Stone ; while in others, from the admixture of ar- 
gillaceous matter, it is entirely unfit for any useful purpose 
where exposure is required. 

" The succession of strata above the Medina saiidstone, 
known as the Clinton group, is interesting, from containing 
extensive beds of iron ore, which are worked in Oneida 
and Wayne counties, and furnish good iron. One of these 
beds appears on the G-enesee river, beyond which it can 
not be traced. One portion of this rock is marked by the 
presence of a peculiar fossil — the Peniamerus ohlongus. 
In many places this shell is abundant, forming almost the 
entire mass of the rock, while in other places it is only 
sparingly scattered. An interesting fact connected with 
this shell is, that it is found in England in precisely the 
same geological position, and specimens from these can 
scarcely be distinguished from those at the lower falls 
near Rochester. This is another example illustrating 
the wide distribution of fossil species, and the reliance 
which may be placed upon them. Further east, this fos- 
sil disappears, and several others are found, among which 
are some vegetable remains. 

" The cataract of Niagara presents us with a beautiful 
exhibition of the succeeding formation, which consists of 
shale and limestone. The same rock forms the upper falls 
at Rochester, and the fall at "Walcott, in Wayne county. 
The outcropping edge of the.limestwie forms the escarp- 
ment or terrace, which, in New York, extends from near 
Rochester to the Niagara river, and continues beyond, far 
into Canada. To this limestone we may look for some of 
the finest building-stone in the state ; and the work on the 
enlarged locks at Lockport will bear comparison with any 
other in or out of the state. The great thickness at which 
the stone may be obtained, giving great weight, which is 
of primary importance in works exposed to frost, renders 
it a desirable stone for such uses. This limestone is the 
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repository of the beautiful spars found at Lockport and 
Niagara falls ; and the shale below it is filled with beauti- 
ful organic remains. When we pass westward, this rock 
becomes metalliferous in the highest degree, containing all 
the productive lead-mines of Illinois, Wisconsin, and Iowa. 
The singular and beautiful fossils known as encrinites are 
more abundant in this group than in any other within the 
state. Some of the species are abundant at Lockport, but 
are rarely found east or west of that point. 




1. Strophomena subplana. 



2. Strophomena depressa (lower valve). 



" The Onondaga salt group, which follows the Niagara 
group, is one of the most important in all the series in New 
York. All the copious brine-springs in the state have their 
origin in these rocks, the extent and development of which 
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1. Cyathocrinites pyriformis 4 and ft. Marsupicrinites (?) dactyliu. 








▼ 




4. Caryocrinus ornatus. 5 and 6. Costal plates, 7. A portion of one 
tlie internal surface, plate magnifled, show- 
ing pores on the edge. 
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have been pointed out, so that borings and excavations can 
be undertaken with a knowledge of their position. Be- 
sides the salines, this group of rocks is important as fur- 
nishing all the gypsum of importance within the state ; and 
this article alone may be regarded as of more pecuniary 
value than all the gold-mines in the Union. The gypsum- 
beds often occur in such a manner as to give an idea that 
they were formed subsequent to the consolidation of the 
strata. The lower range of plaster-beds are of flattened 
spherical form, and usually not very extensive. In the 
second range, the masses are of conical form and often 
very extensive, though the layers above them are not as 
much broken as in the lower range. The fossils of this 
group are exceedingly rare, though some have been de- 
tected in a few localities. 

"We next find a series of rocks which in the eastern 
part of the state form the Helderberg mountains, the lime- 
stones about Schoharie, thence extending westward through 
Cherry Valley to Onondaga and Cayuga counties, and form- 
ing the low escarpment thence to the Niagara river at 
Black Rock. In this series of rocks are found some of the 
finest building-stone in the state ; and the quarries of Onon- 
daga have long been known and regarded as of the first 
importance in the construction of public works. The fa- 
cility with which these stones are quarried is a subject 
interesting to all practical men. The layers are found 
with cracks or fissures penetrating them vertically to great 
depths; these fissures cross each other obliquely, dividing 
the rock into rhombic blocks; In this way large masses 
are easily removed, the vertical joint forming the back of 
the quarry. Extensive caverns occur in the rocks of this 
series, and the famous caves of Schoharie and its vicinity 
are in these limestones. The water thus finding its way 
into the fissures of this rock, becomes charged with car- 
bonate of lime, and many important formations of marl 
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and tufa are the result where the water again comes to 
the air. Streams of considerable magnitude, in passing 
over these rocks, are often lost in the fissures, and reappear 
at some distant point. The lowest member of this series 
is the water-lime or hydraulic-cement rock, which, through- 
out the whole length of the state, furnishes this valuable 
cement. Its fossils are few. The second member is known 
as the pentamerus limestone, from the peculiar fossil of 
that name which it presents. A shaly limestone, known 
as the deithyris, is another member of the series, and 
abounds in peculiar fossils. To these, and one or two 
subordinate masses, follows a sandstone, or in some places 
an admixture of sand and lime, abounding in fossils. 
Wherever the rock is sandy, there the shells are dissolved, 
leaving only casts ; and where the rock is calcareous, there 
we find the shells themselves remaining. This rock of- 
fers a good example of the variable thickness in sedimen- 
tary deposites at distant points. In this state, it is no- 
where more than thirty feet thick ; while in Pennsylvania 
it has a thickness of seven hundred feet, still containing 
the same fossils, and marked by the same or similar char- 
acters. The rock, though called a sandstone, is not an 
aggregation of particles of sand, but consists of a granulated 
mass of silica, which was evidently held in solution and 
precipitated from the fluids. In some places the calcare- 
ous matter was also held in solution, mingled with the 
silica, forming a hard and tough silico-calcareous rock. In 
going westward, this rock entirely disappears. It is rare- 
ly of sufficient thickness in New York to give any prevail- 
ing character to the soil. 

" Following this, we have two thin masses of grit rocks, 
or those composed of sand and lime ; but which exert no 
important influence upon the soil or character of the sur- 
face. These are the Cauda-galli and Schoharie grits — 
the former containing few fossils, except some apparently 
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vegetable remains, while the latter abounds in fossils. To 
these follow two limestones, termed in the reports the 
Onondaga and comiferous limestones. The former of 
these abound in corals and other fossils, and the rock often 
appears to be made up of the broken fragments. The ex- 
tensive quarries north of Symcuse, before alluded to, are 
opened in this rocb. Many of the corals seem as perfect 
as at the time they y^ere living in the ocean ; large masses 
often stand in the same position in which they grew, sur- 
rounded with the broken fragments of others. ■. Again, they 
are overturned, or lying upon their sides, showing the action 
of waves of the ocean in transporting and overturning them. 
Some of these corals are still in their original state, pre-- 
sen ting a honeycomb appearance, and are known generally 
as petrified honeycomb. In others the cells are filled with 
calcareous matter, and present solid columns. In other 
situations we find difierent kinds, termed petrified horns, 
but in reality corals growing in this form, starting from a 
small point, and expanding above into a cup-shaped disk. 
Many of these cprals of hoth kinds have become changed 
to silex ; and from being harder than the surrounding rock, 
which is worn away, they are left in relief or entirely dis- 
solved out. From this cause we find great numbers of the 
corals in large and small masses scattered over the surface 
of the ground. 

" The succeeding limestone difi*ers from the last in being 
finer-grained and containing fewer corals ; but principally 
in the presence of chest or hornstone which is scattered 
through it in irregular nodules or layers. This substance 
being so much harder than the surrounding. rock, is left in 
jagged and irregular surfaces, and receives the name of 
chawed rocky in the western part of the state. Along the 
surface where this rock occurs, the soil is very stony and 
apparently barren ; but still, although there is little fine 
soil visible, it yields good crops, and the decomposing 
12* 
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rock constantly acts as a fertilizer. This is the highest 
rock of that terrace of limestones which may he traced 
from Black Rock, on the Niagara river, to Albany county. 
When this rock approaches the surface, its decomposition 
forms an excellent road, and in many places its proximity 
would admit of its being carried further north and south, 
to situations which, from the nature of the rock, are in 
wet weather very muddy. A covering of this broken, 
flinty rock would be far better than any gravel which could 
be procured. When we trace this rock over the states of 
Ohio, Indiana, and Kentucky, we find it containing the 
same fossils, and the trilobites as abundant there as in New 
York. The breaking up of the edges of these limestone 
strata have produced an extremely fertile soil, and min- 
gling with the veins of the shaly deposites further south, 
constitutes a belt of ten to fifteen miles in width, whidh 
stands unrivalled in fertility. This range of limestones is 
the most southern belt of calcareous rocks in the state — 
the thin bands following them exerting but little influ- 
ence upon the soil. Viewed in this light, the Helderberg 
range of limestones exert an important influence upon the 
agricultural character and productions of a broad belt, ex- 
tending from the Hudson to the Niagara river. If the 
farmers of New York, situated within the range of this 
influence, could see depicted upon a map the great expan- 
sion of these limestones in the western states, and their 
junction with other calcareous rocks, they would not be 
surprised at the wide and uninterrupted fertile regions of 
the west. These circumstances alone give to that portion 
of the country a pre-eminence in agriculture which no 
artificial means can give to any other portion of the con- 
tinent, 

" After leaving these limestones, we find in New York, 
ranging along their southern border, a series of shales, 
known as the Marcellus shale and Hamilton group, with 
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a few thin, calcareous bands, and finally passing into sandy 
varieties. The lower member of this series is a fine- 
grained black shale, and from being often highly bitumin- 
ous, and sometimes glazed, like those along the Hudson 
river, has given rise to excavations for coal throughout its 
whole extent ; and there is scarcely a town along its range 
where some ex6avation or boring has not been made in 
search of coal. Like all other searches of the kind in 
New York, these have always proved fruitless, and must 
ever prove so. The organic remains of this rock are few. 
Above this black shale the rock is lighter-colored, and in 
the eastern part of the state often somewhat sandy, while 
in the western it is a soft, argillaceous shale, rapidly crum- 
bling on exposure to the air, and forming a clayey soil of 
great fertility. Where the rock approaches the surface, the 
soil is wet, but is excellent meadow-land. This rock, in 




1. Atrypa concentrica. 
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all its subdivisions, abounds in fossils, and perhaps no rock 
in the state contains an equal number. In the eastern 
part of the state these shales form elevated hills to the 
southward of the Helderberg limestone-range. As we go 
west, the shales become softer and more destructible, the 



a. 




hills gradually subside, and in the western counties they 
occupy for the most part a low position. This is particu- 
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larly the fact through Genesee and Erie counties and much 
of Livingston. Being thus denuded, they afford a place 
of lodgment for the calcareous gravel which has been 
transported from the northward. 

" The shales last described are often terminated by a 
band of limestone, known as the Tully limestone, to 
which follows the G-enesee slate and Portage group, con- 
sisting of shales and sandstones, with a few fossils, and 
almost destitute of calcareous matter. As a consequence 
of this change in the character of the rocks, and concon^i- 
tantly of the soil, we find -pasturage taking the place of 
grain-growing, and the overflowing dairies and well-fed 
stock, are the equivalent of the wheat-stacks and gran- 
aries of the geological formations farther north. This 
change is marked and obvious, and one can not but be 
struck with it>. whether or not he reflects upon the causes. 

" We here observe that the pursuits of the inhabitants, 
though all depending on the soil, differ essentially upon 
different geological formations; and the farmer who 
would pursue the same system upon the hills of Allegany 
county, as in the lower valley of the Genesee, would fail 
entirely, the nature and condition of the soils in the two 
places, differing in very important particulars. This rule 
applies, not only to the formations in question, but to all 
others where the nature of the two differ in any essential 
degree. It often happens, however, that the materials of 
the more northerly rock have been drifted southward, 
giving the same character to the soil for some distance 
beyond where the rock is visible. This, however, forms 
no exception nor objection to the rule. 

"The upper part of this group being composed of 
sandstone of a much harder nature than the lower part, 
produces cliffs and falls of water in all the streams passing 
over it ; such as the falls of Portage, Hector falls, and 
numerous others. The highest fall of water in the state 
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IS over a sandstone of this group. The fall is known as 
Taghannuck, on the western side of Cayuga lake ; its 
perpendicular height is one hundred and ninety feet, being 
about thirty feet higher than Niagara. There are other 
and numerous cascades in this group, and there is scarce- 
ly a stream flowing to the north, where we do not find one 
or more falls of water. Although the rocks of this group 
have a thickness of 1,000 feet or more, still they contain 
very few fossils* The soil is a tough clay, constituting/ 
however, a very good grass land. 

" The succeeding group of rocks occupies nearly all 
the southern range of counties : and is termed, from its 
great development in Chemung county, and along the 
river of that name, the Chemung group. Like the last, 
it is composed of shales and shaly-sandstones, and one of 
the most distinguishing features of the group, and of the 
soil derived therefrom, is the absence of calcareous mat- 
ter. Some of the other earths and alkalie*s essential to 
the production of grain are also absent from the soil, and 
the principal resource of the coimtry is pasturage. Oats 
and the lighter grains flourish, and spring wheat produces 
tolerably well in the valleys, but the product of grain is 
insufficient for the consumption of the inhabitants. It is 
upon the hills formed by the rocks of this group that the 
waters divide ; some of the streams flowing into Lake 
Ontario, and thence mingling with the ocean, in the 
gulf of St. Lawrence ; others flow into it by the Dela- 
ware and Susquehannah ; while those tributary to the 
Allegany, unite with the Atlantic, in the gulf of Mexicow 
The mineral resources of this portion of the country do 
not extend beyond common quarry-stones, of which near- 
ly every farmer has a sufficient supply upon his own 
premises. The general outline of the country is hilly, 
and along the rivers and streams the banks are often 
abrupt, and sometimes cliffs of one or two hundred feet 
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are presented where the out-cropping edges of the strata 
can be examined with great facility. In these rocks we 
begin to find more decided evidences of the existence of 
land plants ; and the ferns approach in character to those 
of the coal period. 

«* Above these rocks, we have another series, consisting 
of red shales and sandstones, which form the greater 
part of the Catskill mountains, and thence spreading 
westward into Delaware, Chenango, and Broome coun- 
ties. These hav^ received the name of the Catskill group ; 
and the whole is equivalent to what is known in Great 
Britain as the old red sandstone. The soil, from the de- 
composition of the rocks of this group, forms a reddish 
clay ; and, though generally unproductive in grain, it is 
one of the best grazing districts, and the butter and cheese 
of the region occupied by these rocks are held in high 
estimation. These rocks gradually diminish in thickness 
on going westward, and are not seen west of the Genesee 
river. Their organic remains differ essentially from those 
below. Remains of fishes are more common than any 
other ; indeed, but one species of shell is known in these 
rocks, in New York. 

"By rderence to the order of succession amqng the 
strata, it will be seen that we have arrived at that period 
when the coal formation commenced; that in all the 
previous formations, the organic remains are mostly 
marine, with rarely a few land plants, which may have 
drifted into this ancient ocean from neighboring islands or 
continents. At the coal period, however, there appears 
to have been an.immense amount of vegetation buried 
beneath the accumulated sand and mud. The extensive 
coal beds are composed of vegetable matter, and myriads 
of ferns and other plants are scattered throughout the 
superincumbent strata. Here appears to have been the 
remains of the first creation after the surface of the 
^ 13 
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present continent became filled to support vegetation; 
and at no previous period are we to look for an accumu- 
lation of this kind sui&cient for forming coal. 

** If the reader has followed these hasty remarks, he 
may have gleaned enough to show him the utter futility 
of all attempts at mining for coal in the state of New 
York. The lower members of the formation, a sand- 
stone and bonglomerate, does, indeed, extend within the 
state, but it is below any part which contains coal. This 
conglomerate forms outlying masses on the tops of the 
highest hills in the southwestern counties; several of the 
localities present some interesting scenery, from the mass 
being divided into blocks of huge dimensions, between 
which are passages resembling streets, from, which they 
have received the names of rock cities, and ruined cities. 
A few miles to the south of the state line, and upon this 
conglomerate rests the lowest coal bed, and to these 
sources we must eventually look for a supply of fuel." 

TABULAE VIEW OP THE KOCKS OF NEW YOKK, ARRANGED 
IN SYSTEMS, GROUPS, AND FORMATIONS. 



Systems. 


Groups. 


Formations. 


L Post Tertiary 


Allavial. 
Diluvial. 
Clays and Sands. 




n. Old Red Sys- 
tem. 


Old Bed Sandstone. 




IIL New York 
Transition Sys- 
tem. 


Erie Group . . . 
Helderberg Series 


Chemung Sandstohes and 

Flags. 
Ludlowville Shales. 

Helderherg Limestone. 
Schoharie Grit. 
Brown Argillaceous Sand- 
stone. 
Encrinal Limestone. 
Oriskany Sandstone. 
Green Shaly Limestone. 
Pentamerus Limestone. 
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TABULAR VIEW — Continued. 



Systems. j Groups. 


Formations. 


III. New York 
Transition Sys- 
tem — emtinued. 


Ontario Group . . 
ChamplaiA Group 


Onondaga Salt and Gypse- 
ous Rocks. 

Limestone and Green 
Shales. 

Argillaceous Iron Ore. 

Soft red, green, and varie- 
gated, or Medina Sand- 
stone. 

Gray Sandstone and Con- 
glomerate. 

Lorraine Shales and Roof- 
ing Slates. 

Utica Slate. 

Trenton Limestone. 

Birdseye. 

Chazy Limestone. 

Calciferous Sandrock. 

Potsdam Sandstone. 


IV. Taghkanic 
System. 


' 


Light green Slates, some- 
times dark and plumba- 
ginous. 

Gray and clouded Lime- 
stone. 

Brown Sandstone. 


V. Gneiss Sys- 
tem. 




Gneiss, Hornblende, and 

Mica Slate. 
Talcose Slate and Stealite. 


VI. Snperincnm- 




Greenstone, Trap. 
Porphyry. 


bent Rock. 




VII. irnstratified 
Rocks. 





Granite. 

Hypersthene Rock. 
Primary Limestone. 
Serpentine. 
Magi^tic Iron Ore. 



The transition system includes all the rocks below the 
old red sandstone. They have been divided by geologists 
into four groups ; the Champlain, the Ontario, the Hel- 
derberg, and the Erie. 

The lowest layers of the Ckamplain group are com- 
posed of conglomerate sandstone of various colors from 
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brown to white. The limestones of this group furnish 
marble and lime of an excellent quality. The sandstone 
constitutes a durable building stone, and is also much 
used in the manufacture of glass, and sandpaper, and for 
polishing purposes. The upper portion furnishes stone 
suitable for grindstones. This group surrounds the pri- 
mary, north of the Mohawk valley, extending into Jeffer- 
son county, south along both banks of the Hudson to the 
Highlands, easterly to the Taghanic range of mountains, 
and westerly through the Mohawk valley to Lake On- 
tario. 

The Ontario group consists of three distinct portions : 
first, a marly sandstone, red, brown, green, and variegated 
— a large proportion of which is soft, and disintegrates 
rapidly on exposure to the weather ; second, a series of 
soft green shales, succeeded by thin but numerous beds of 
argillaceous and siliceous limestones, alternating with 
each other and terminating in the Niagara limestone ; and 
third, gypsum and salt rocks, constituting the Onondaga 
salt group. This group is bounded on the north by Lake 
Ontario, and extends easterly to Oswego county, where it 
meets the Champlain group — occupying a distinct belt, ' 
nearly equal in length to Lake Ontario, and about twenty 
miles in width. Its whole thickness does not exceed one 
thousand feet, of which the upper part, containing the plas- 
ter and salt, and beds of water-limestone, is most valuable. 

The Helderberg series of rocks is most fully developed 
in Albany and Schoharie coimties. It consists of a rough, 
gray, and somewhat irregular species of limestone, ar- 
ranged in compact beds, above which occurs a dingy-green 
shaly limestone, with tough layers of a dark-green color. 
This is succeeded by a thin layer of the Oriskany sand- 
stone — in some places a perfect homstone — in others, con- 
taining lime. Next follows in the order of succession a 
thin mass of encrinal limestone, above which is a remark- 



AND OF THE STATE OF NEW YORK. 149 

able brown shaly sandstone, with feathery appearances in 
the upper part, regarded by some as fucoidal impressions. 
The middle portion is a dark shaly sandstone, breaking 
into short pieces. Above this appears a calcareous sand- 
stone, about four feet in thickness, and abounding in fos- 
sils. The Helderberg limestone, consisting of a gray, 
thick-bedded rock, the upper of a darker complexion than 
the lower, completes the series. 

The Erie group is divisible into two portions — the low- 
er consisting of shales upon thin beds of limestone, most 
of them quite decomposable ; the upper of thin, even beds 
of gray sandstone, with intervening shales. The former 
have received the name of LudloWville shales — the latter 
of Chemung group. They occupy a belt nearly twenty 
milea in width through the central portion of the state. 
The upper part of the group, consisting in part of a black 
shale and thin beds of limestone, but mostly of gray, thin- 
bedded sandstones, occupy the whole surface of the south- 
ern tier of counties, and form beds of passage into the old 
red sandstone. 

The regular succession of these groups constitutes a re- 
markable feature in the geology of New York. They 
have a slight dip to the south and southwest ; they are 
scarcely disturbed by uplifts, and succeed each other tow- 
ard the south, until they are lost beneath the old red sand- 
stone. The fossils of this group are very numerous and 
beautiful. 

The oid red sandstone^ as a system, consists of grit- 
ty, micaceous shales, and thick and thin bedded mica- 
ceous sandstones, generally of a deep-red color, together 
with conglomerates, brown slaty grits, and soft red and 
green shales. Its area is confined chiefly to the Cats- 
kill mountains, terminating in the flagging-stones of the 
Chemung rock on the west. Around the base of these 
mountains are beds of passage from the transition to the 
13* 
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old red system. This system is finely developed in the 
ascent from the Catskill creek to the Mountain-House, in 
a series of terraces, exposing to view the outcropping edges 
as they succeed each other. It is here destitute of fossils ; 
hut the scales and hones of sauroid fish have occasionally 
been discovered. It extends westward nearly to the bor- 
ders of the state, if we include in this formation the con- 
glomerate, occupying some of the highest portions of Cat- 
taraugus and Chautauque counties. 

The class of rocks denominated trap, or greenstone trap^ 
and porphyry, occurs either in the imposing form of col- 
umnar masses, like the Palisades, on the west bank of the 
Hudson, near New York, or in narrow Veins or dikes with 
parallel sides, frequently projecting above the rock which 
they traverse. They are now universally regarded as of 
igneous origin, and as having either been injected in a 
fluid state into the fissures which they at present occupy, 
or as having been poured out upon the bottom of a sea, or 
upon the surface of other rocks, and there cdoled under 
great pressure. Trap-dikes are extremely abundant in the 
northern section of the state : scarcely a mine of iron ex- 
ists which is not traversed by them, frequently in such 
a manner as to derange the direction of the vein. Por- 
phyry consists of a compact feldspar in which crystals are 
frequently found imbedded. This rock is the least devel- 
oped of any of the geological formations of the state, and 
is found occupying a surface of a few miles only on Lake 
Champlain. 

The clays and sands belonging to the formation denom- 
inated post-tertiary, skirt the shores of the St. Lawrence, 
Lake Champlain, and the Hudson, consisting of a stiff 
blue clay beneath, a yellowish-brown clay in the centre, 
and sand above. This clay, from the presence of marine 
shells, is regarded as an ancient marine deposite, and differs 
essentially from the clay of the alluvial formation. The 
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boulder formation, or diluvial^ forms a coating of sand, 
gravel, and boulders, large and small — rounded by attri- 
tion, unequally distributed over the surface, apparently by 
the action of powerful currents of nmning water in a nor- 
therly and southerly direction, and in many places heaped 
up into round or conical hills. The alluvial formations 
consist of the gravel, sand, &c., now in process of aggre- 
gation by the various agencies of nature, comprising the 
beds accumulating at the mouths of rivers or in low 
grounds, and the matter washed up by the sea. Long 
island may be regarded as composed chiefly of materials 
thus collected by diluvial and alluvial agencies. Exten- 
sive alterations have taken place and are still in progress 
upon its shores, and within its bays and harbors, by the in- 
cessant inroads of the sea on the one hand, and the accu- 
mulation of marine deposites on the other. To the north 
of a range of hills running from east to west through the 
centre of the island, erratic rocks and boulders are found 
on the surface and imbedded in a series of strata forming 
the hills ; while on the south they are of rare occurrence, ^ 
the soil being mostly composed of fine pebbles, gravel, and 
sand. 

" Excavations recently made in the navy-yard at Brook- 
13m," says Mr. Lyell, " have exposed the boulder forma- 
tion to the depth of thirty feet ; the lowest portion there 
seen consisting of red clay and loam, with boulders of trap 
and sandstone, is evidently the detritus of the new red 
sandstone formation of New Jersey. This mass in th^ 
sections where I observed it was about eighteen feet thick 
and rudely stratified. Above it lay an unstratified gray 
loam, partly of coarse and partly of fine materials, with 
boulders and angular blocks of gneiss, syenitic greenstone, 
and other crystalline rocks, dispersed at random through 
the loamy base, the whole being covered with loam eight 
feet thick. One angular block of gneiss which I measured 
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was thirteen feet long, by nine in breadth, and five feet 
high, but masses still larger have been met with and bro- 
ken up by gunpowder. Mr. Redfield, who accompanied 
me to Brooklyn, suggested that the inferior red drift may 
have been accumulated first when the red sandstone of the 
^ neighboring country was denuded ; and that afterward, 
when the land was submerged to a greater depth, and 
when the gneiss and hypogene mountains of the highlands 
alone protruded above the waters, the upper drift, with its 
erratics may have been thrown down. I am well dis- 
posed to adopt this view, because it coincides with conclu- 
sions to which I was led by independent evidence, after 
examining the districts around Lakes Erie and Ontario, 
viz., that the drift was deposited during the successive sub- 
mergence of a region which had been previously elevated 
and denuded, and which had already acquired its present 
leading geographical features and superficial configuration. 
At South Brooklyn I saw a fine example of stratified drift, 
consisting of beds of clay, sand, and gravel, which were 
contorted and folded, as if by violent lateral pressure, while 
beds below, of similar composition, and equally flexible, 
remained horizontal. These appearances, which exactly 
agree with those seen in the drift of Scotland or the north 
of Europe, generally accord well with the theory which 
attributes the pressure to the standing of ice islands, which, 
when they run aground, are known to push before them 
large mounds of shingle and sand, and must often alter 
greatly the arrangement of strata forming the upper part 
of shoals, or mud-banks and sand-banks in the sea, while 
the inferior portions of the same remain unmoved. 

" Mr. Mather, in his report on the geology of this portion 
of New York, states an interesting fact in regard to the 
arrangement of the boulder formation on Long island, 
which, as before mentioned, extends for about one" hun- 
dred and thirty miles east and west At its eastern ex- 
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tremity the boulders are of such kinds of granite, gneiss, 
mica-glate, greenstone,' and syenite, as may have come 
across the sound from parts of Rhode Island immediately 
to the north. Further westward, opposite the mouth of 
the Connecticut river, they are of such varieties of gneiss 
and hornblende-slate as correspond with the rockd of the 
region through which that river passes. Still further 
west, or opposite New Haven, they consist of red sand- 
stone, and conglomerate, and the trap. of that country ; and 
lastly at the western end, adjoining the city of New York, 
we find serpentine, red sandstone, and various granitic and 
crystalline rocks, which have come from the district lying 
immediately to the north- This distribution of the travel- 
led fragments will remind every geologist of the manner 
in which distinct sets of erratics are lodged on the Swiss 
Jura — each set, whether of granite, marble, or gneiss, an- 
swering in composition to those parts of the Alps which 
are nearest and immediately opposite, as if they had crossed 
the great valley of Switzerland, more than fifty miles 
broad, in a direction at right angles to its length. The 
sound, which separates Long island from the main land, is 
from five to twenty-^ve miles broad. The fragments have 
doubtless been transported by ice ; but we must suppose 
them to have been floated by ice-islands in the sea, as 
there are no high mountains in this part of North^America 
from which glaciers can have descended after the continent 
had acquired its present shape and altitude." 

The island on which the city of New York is situated 
is composed of the rock termed gneiss ; and this forma- 
tion extends northerly for a considerable distance on the 
west bank of the Hudson river, developing itself promi- 
nently in the clifi*s exposed to observation on the margin 
of this noble stream. At Hoboken, clifi*s are seen of ser- 
pentine, a rock which appears to be subordinate to the 
gneiss. These formations, as well as the syenite of Staten , 



154 GEOLOGICAL FEATUKES OF THE UNITED STATES, 

island, correspond very closely with European rocks of the 
same order. 

Mr. Lyell, in his " Travels in North America," has the 
following observations, in reference as well to the general 
appearance of the formations on thi» continent, as to the 
particular strata found in New York ; " In the course of 
this short tour (from Albany to Niagara falls), I became 
convinced that we must turn to the New World, if we 
wish to see in perfection the oldest monuments of the 
earth's history, so far at least as relates to its earliest in- 
habi tants. Certainly in no other country are these ancient 
strata developed on a grander scale, or more plentifully 
charged with fossils ; and as they are nearly horizontal, 
the order of their relative position is always clear and un- 
equivocal. They exhibit, moreover, in their range from 
the Hudson river to the Niagara, some fine examples of 
the gradual manner in which certain sets of strata thin 
out when followed for hundreds of miles, while others, pre- 
viously wanting, become intercalated in the series. Thus, 
for example, some of the limestones which are several 
himdred feet thick in the Helderberg hills, near Albany, 
are scarcely forty feet thick in the Niagara district ; and, 
on the other hand, the rocks over which the cataract of 
Niagara is precipitated dwintlle away to such insignificant 
dimensions when followed eastward to the hills southwest 
of Albany, that their place in the series there can scarcely 
be recognised. Another interesting fact may be noticed 
as the result even of a cursory survey of the fossils of these 
North American rocks, namely, that while some of the 
species agree, the majority of them are not identical with 
those found in strata which are their equivalents in age 
and position on the other side of the Atlantic." 

Professor Hall, in reference to the constant and rapid 
process by which rivers are excavating for themselves new 
channels, and producing in some instances, and in oth- 
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en deepening modem valleys, has the following observa- 
tions :— 

" Perhaps there is not a more stupendous example of 
this kind than that furnished by the channel of the Niaga- 
ra river, in its passage from the falls to Lewiston. The 
banks below the falls are one hundred and sixty feet high, 
and at Lewiston about three hundred : and to this we have 
to add the depth of the river. The whole of this gorge 
is excavated from solid rock, mostly limestone and sand- 
stone. There is no evidence of an ancient valley, and we 
are compelled to believe that the stream has been the 
chief, if not the only agent, in the production of its chan- 
nel. In order to conceive of a stream like that of the pres- 
ent cataract having wdrn this channel, it requires that we 
extend our ideas of the past to an immense period. If we 
compare the present rate of recession in the falls with the 
past, it must have required many thousand years to pro- 
duce the gorge of seven miles, with a depth of from at 
least three hundred to six hundred feet. In some instances, 
however, operations of this kind go on more rapidly than 
we usually suppose, and a deep channel may be worn in 
solid strata in a comparatively short time. The Genesee 
river at Portage has excavated its channel to the depth of 
three hundred and fifty feet in the rocky strata, and passes 
over them by successive falls in the space of about one mile. 
The period when this began is, of course, beyond histori- 
cal record, but changes are still operating which lead lis 
to believe that a few thousand years may produce phenom- 
ena which would appear impossible when we look upon the 
quiet and almost imperceptible operations of nature around 
Us. At this place the greatest changes appear at the low- 
er falls, rendering it almost improper to say that there is a 
fhll of water, though the table or platform over which the 
water was once precipitated still remains, and in high 
freshets some portioa still flows in that direction. This 
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channel is worn to the depth of more than fifty ieet in its 
deepest part, g^doally receding till it reaches the leyel of 
the river-channel above, the stream flowing through it in a 
violent rapid. In the course of this operation a projecting 
mass of rock remained, which was sabsequeotly separated 
from the bank, and now stands an isolated conical moond. 
All this has been accomplished within the memory of the 
present generation; the materials thus eroded from the 
solid strata have foond their way down the stream, the 
larger fragments soon resting, while the finer have heen 
deposited apon the Genesee flats and transported to Lake 
Ontario. After noticing these facts, the observer can not 
fail to perceive that the fine sediment forming the deep 
soil of the Genesee vaUey below Mount Morris is the ru- 
ins of some of the older rocks ; and if he compares the 
eff"ects of the Genesee, in the case cited, he will conclude 
that the entire gorge between Portage and Mount Morris 
has been excavated in the same manner, and that its ma- 
terials now fill the valley before mentioned. He will have 
less hesitation on this subject if he examines the soil about 
the opening of the gorge at Mount Morris, where frag- 
ments of the rock appear of the same kinds as those form- 
ing the clifis along the river further south. He has only 
to apply the same principle, and to conceive of similar 
operations over the whole surface, and he can understand 
how the deep alluvium has been produced by the excava- 
tion of the broad and deep valleys which everjrwhere in- 
dent the surface. He may not be able to see, it is true, 
the causes now operating which would produce such 
changes, but he can reason from the smaller to the greater 
with unerring certainty. If the rich bottoms of some of 
the ravines are excavated, we find the fragments of rocks 
piled up in confusion, and above them a rich fine soil — 
while a small stream flows through its centre, depositing in 
miniature similar accumulations of fragments. If we can 



\ 



AND OF THE STATE OF NEW YORK. 157 

conceive of a powerful stream flowing in the same chan- 
nels, we have all the requisites for such a production. 
We often find very insignificant streams flowing in broad 
and deep channels, presenting waterfalls of astonishing 
height, when we consider that the whole has been exca- 
vated from solid rock. 

"The operations of water and air, either in the simple 
operation of wearing or of decomposing, or in the efi*ect of 
freezing, are producing constant changes, not only in river- 
channels and in ravines, but over the whole surface ; not 
on rocky masses alone, but also on the fragments and peb- 
bles imbedded in the soil. By this means new materials 
are constantly furnished to supply the waste produced by 
the cultivation of the soil. The decomposition of granite 
furnishes potash and other earths or alkalies ;' the limestone 
lime and magnesia, and some of the other rocks furnish 
salts of these earths or alkalies. When we regard the 
great extent of some of our limestone formations which 
contain iron pyrites and magnesia, and which on decom- 
position afford sulphate of magnesia, we know that an 
immense quantity of this soluble salt is afforded to the soil, 
and which, by other decompositions, may be afforded to 
the grains in the form of a phosphate of magnesia. The 
soft shales of the Niagara group and the Clinton group 
yield on decomposition soluble salts of magnesia and lime, 
of the most vital importance in the production of crops ; 
and in the natural operations we find the result to be a 
most fertile soil. The farmer has only to imitate nature 
in this respect, and place these shales in favorable situa- 
tions, to produce the same effect, and to give him a con- 
stantly fertilizing agent for his soils. The marls of the 
Onondaga salt-group, which are shown to range through 
the state from east to west, are of similar character, and 
can be most advantageously employed, more particularly 
on sandy soils. There are nowhere better wheat-produeing 
14 
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soils than the oak openings on the Onondaga salt forma- 
tion. Again, the shales of the Hamilton group, further 
south, present the same character, and their decomposi- 
tion produces the fertile soils of Livingston and Genesee 
counties. I need not at this time dwell longer upon these 
points. Every operation which changes in' any manner 
the condition of a pebble or a rock, is of the most vital in- 
terest to the farmer ; and though the soil produces, and 
the rocks, decomposing, supply the required materials to 
the soil, without his knowledge or consent, still, will any 
one assert that the operations of such laws are not of suffi- 
cient importance to be uiiderstood, or that the farmer has 
no interest in the influence of physical and chymical 
causes ? On the other hand, we clearly know that it is 
by a knowledge of these laws that he will be enabled al- 
ways to continue his land in a fertile state, and to increase 
rather than diminish the productions of his soil, and, in 
fine, to become what the Creator intended, the lord of the 
earth. From the mineral nature of the various rocks, the 
character of the soil derived from their decomposition, and 
their capabilities of improvement, the farmer will be made 
aware that about him, on every side, and near him, are 
beautiful scenes, where he may refresh himself and his 
family after their days of exposure and toil ; where at the 
same time he may acquire instruction from the myriads of 
organic remains imbedded in the rocky strata, showing 
him a prior condition of this earth, when other existences, 
with other wants, flourished over the wide extent now 
covered with the fertile soil .which yields to man hfs sus- 
tenance. In every rock, and in the loose stones turned up 
by his plough, he may find the same evidences of these 
former creations. And if he can not, from such knowl- 
edge, learn how to improve his farm, he can at least see 
that the destruction of these fossil shells has given him lime 
to enrich his soil, and that the animal matter, in some other 
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combination, is doing him the same service. It is true 
they exist, and accomplish all this, whether he knows it 
or not, and the fact is still the same : hut does the intelli- 
gent farmer rest contented, while ignorant of the causes of 
all these things? And even if ideas can not be turned to 
dollars, he must feel that he has a soul to be satisfied — a 
spark of that Divine Intelligence which has created man, 
and given him this earth as his home. Our farmers de- 
sire to have their children grow up in a knowledge of 
what is around them : and if knowledge be power, we 
need not ask for its direct or immediate application, but 
rest assured that it will give us the power of doing good, 
and of improving in virtue and increasing in happiness." 
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PART V. 

PBACTICAL RESULTS OF GEOLOGICAL SCIENCE. 

To an observer favorably situated for the coQtemplation 
of the various aspects of the present, viewed in the light 
of the past and of the probable future, no subject can be 
of greater interest than the progressive advancement of 
physical science. The successive stages of improvement 
through which the civilized portions of mankind have 
passed, by a slow and gradual transition from the lowest 
point of intellectual attainment, to the most commanding 
heights of science and of mental elevation ; the continued 
expansion of knowledge in every direction, consequent 
upon the benignant influences of an advancing civiliza- 
tion, resting upon the strong foundations of an enlightened 
Christianity, and deriving its chief element of progres- 
sion from the prevalence of general peace and a mutual 
interchange of kindness and good offices, among the 
several nations and individuals participating in its bene- 
fits ; and the systematic development of those funda- 
mental principles which lead to an unlimited series of 
discovery and successive generalizations in the vast 
domains of scientific inquiry; these topics afford an 
inexhaustible field for observation, for reflection, and for 
study. If we cast back our eyes to the earliest records of 
the race, we shall discover little else than the prevalence 
of untamed propensities seeking their gratification in pro- 
found ignorance of the laws of being ; and in the midst 
of the most civilized and Nourishing communities which 



.nt ACTIO AL BESULTS OF GEOLOGICAL 8CIEN0E. 161 

have since arisen, a large proportion have at all times 
been found immersed in the deepest and most chaotic 
mental gloom ; the slaves and victims of the most debas- 
ing passions — ignorant alike of their origin, natmre, and 
destination — seeking only the opportunities and the means 
of accomplishing the imperious requirements of their 
animal being. Regarded either in a physical, intellec- 
tual, or moral point of view, the difference between the 
roving tribes of the wilderness or the desert, at the earli- 
est period of which we have any traces, and at the 
present day, is scarcely perceptible ; and the difference 
between either of these classes and the Russian serf, the 
European boor, the degraded and stupified inhabitant of 
the colliery, the mine, the galleys, or the hulks, and of 
the thousands in our great capitals, wholly dependent 
upon their physical energies for a precarious and miser- 
able support from day to day, is one of degree only, and 
not of kind. In exact proportion as the intellectual and 
moral faculties have been developed and brought into 
action, and to the diffusion and extent of such develop- 
ment and activity, has been, at all times and under all 
circumstances, the progress of civilization and social 
refinement ; bringing in its train all the arts and sciences, 
the comforts and enjoyments of life ; affording security 
to the property and the person ; widening the sphere of 
profitable exertion, and affording increased facilities for 
the cultivation of all those virtues and graces which adorn 
and distinguish humanity. 

The establishment and regulation of social intercourse^ 
the organization of governments and institutions, civil 
and religious, the enactment of laws for the protection 
of all the varied interests to which society gives birth, 
the accumulation, distribution, and enjoyment of wealth, 
the attainment of rank, station, influence, and power, and 
eventually the systematic direction of a portion of the 

14* 
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time, intellect, and enterprise of the community, to the 
advancement of science and the moral and social eleva- 
tion of all, are unifonnly, or with rare exceptions, the 
natural and successive fruits of the introduction and diffu- 
sion of knowledge, and of the elements of Christian 
civilization. 

The " middle wall of partition," which ignorance and 
fanaticism have for so long a period succeeded in main- 
taining between the legitimate results of a sound induc- 
tion of physical facts and phenomena, and the religion of 
the Bible — the imerring standard of our faith and duty, 
has, we may reasonably be permitted to hope, been 
effectually demolished ; and in proportion^ to the advance- 
ment of knowledge, science, in all its diversified depart- 
ments, is now universally recognised as the efficient hand- 
maid and faithful auxiliary of true Christianity. Truth 
is " one and indivisible,^* whether it emanates directly 
from its great original, or unfolds itself gradually and 
slowly to the perception of its votaries in the vast labora- 
tory of nature aAd of art. The time has gone by — never 
we trust to return — when the erring and fallible interpre' 
tations by individuals, synods, or councils, of the revealed 
wisdom of the on^niscient ; interpretations imbued with 
the manifold imperfections necessarily incident to iiuman 
knowledge, even in its highest manifestations, were 
deemed conclusive upon every department not only qf 
faith and practice, but of discovery and scientific research ; 
not only in the moral and intellectual, but the physical 
and material world ; in the universe as well of matter, as 
of mind. An expansive and searching, and at the same 
time, a reverential and confiding philosophy has arisen 
among men, which " looks through Nature, up to Nature's 
God ;" which, recognising in all the innumerable develop- 
ments of the creative force, one all-powerful, all-perva- 
ding hand/ operating in accordance with certain all-corn- 
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prehending and invariable laws, is under no apprehension 
in its widest inductions and most eicpansive generaliza- 
tions, of coming in collision with contradictory or repug-^ 
hant truths deriving their origin and vitality from the 
same perfect sources. Hence the progress of scientific 
inquiry is no longer hampered and restricted, as formerly, 
by limitations originating in ignorance of the fundamental 
nature of truth and knowledge, and kept alive by super- 
stition and bigotry, excited and cherished by sacerdotal 
intolerance and blindness. As the unerring rule of faith 
and guide of life ; as the harbinger and exponent of im- 
mortality ; as the repository of that wisdom which alone 
can direct the uncertain footsteps of humanity amid the 
labyrinthine mazes of time and chance, the Bible asserts 
an authority final and conclusive : and whatever contra- 
dicts its teaching in these great departments of religion, 
morality, and human ethics, is necessarily false and erro- 
neous. But in communicating these great lessons of faith 
and duty to a long series of generations preceding the 
very dawn of scientific investigation, incidental allusions 
to the various phenomena of the material universe, the 
" stars in their courses," the sun, the moon, the plane.ts, 
our earth itself and its properties, and the innumerable 
and infinitely varying manifestations of light, heat, vapor, 
atmospherical changes and elemental warfare, language 
in all respects corresponding to the universal conceptions 
of the race, adapted to their comprehension, and in con- 
sonance with their attainments, was natural and indis- 
pensable. Nor was this necessary recognition of errone- 
ous conceptions of physical truths, which thus obviously 
pervades the records of inspiration, in any respect de- 
signed to preclude the most thorough and extensive in- 
vestigation of these subjects, without regard to the results 
of such investigation upon pre-existing beliefs. In explor- 
ing, therefore, the domains of science, we submit ourselves 
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unreservedly and fearlessly to the guidance of those es- 
tahlished principles of analysis and induction which 
observation and experience have united in conimending 
to our use ; convinced that whatever advances have been 
or may be made in this direction, can never be in contra- 
diction to the living oracles of truth, however far they 
may transcend those imperfect conceptions of its details,^ 
which prevailed in the infancy of the race. 

In no department of scientific investigation are these 
principles more constantly and systematically to be kept 
in view, than in that of Geology, Their application to 
the kindred science of astronomy, although slowly and 
reluctantly conceded during the progress of successive 
centuries of comparative darkness and ignorance, is now 
universally recognised; and the obvious discrepancy 
between the legitimate deductions of science, in this im- 
portant department of human knowledge, established and 
confirmed by the observations and reasonings of an un- 
impeachable philosophy, and the literal import of those 
scriptural passages which incidentally refer to the various 
cosmical phenomena, neither disturbs our confidence in the 
value of those magnificent results which modem discovery 
has brought to light, nor undermines our faith in the 
absolute verity and conclusiveness of revelation. We 
see at once the utter absurdity of looking for an authorita- 
tive exposition of the vast field of physical science, in an 
age and among a people entirely unfitted, in the order of 
Providence for its reception ; at a period when scarcely a 
perceptible advance had been made in the knowledge of 
the material universe ; and to individuals and commimi- 
ties whom nothing short of a miraculous development and 
expansion of the higher intellectual faculties, could have 
adequately prepared for the annunciation of its compre- 
hensive principles. So with reference to the modem 
science of geology* it becomes us to bear in mind that it 
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is only since, or immediately preceding the commence- 
ment of the present century, that a clear conception of 
its fundamental truths, and a methodical and intelligent 
arrangement of its grand results, have been attained ; 
that for these we have been indebted to the profound 
researches and comprehensive inductions of the most 
powerful and enlightened minds of an age remarkable for 
intellectual advancement and scientific development ; that 
no portion of these truths, no combination of these re- 
sults, conflict with the testimony of those ancient records 
of creation which we are rightly accustomed to regard as 
authentic, so far as that testimony has any bearing either 
upon the remote original, of the universe itself, its author 
and pervading spirit, or the period during which man 
and his works have had an existence upon our planet ; 
and that it is only, when the brief and obscure intima- 
tions of the sacred writers in reference to the particular 
period when the universe itself, together with the physi- 
cal materials of which our earth is composed, were 
originally produced, are regarded as authoritatively main- 
taining a doctrine at variance with the indubitable results 
of scientific research, that any discrepancy appears to 
exist between reason and revelation. 

In the simple but sublime annals of creation which the 
inspired legislator of the Hebrews was commissioned to 
unfold, the unity, omnipotence, and omniscience of the 
Deity, and the construction of the vast fabric of the uni- 
verse, " in the beginning," by his almighty fiat, were the 
fundamental propositions to be impressed upon mankind 
in the earliest period of its history, and transmitted from 
age to age down the ciirrent of time. The process em- 
ployed by the Divine architect, in moulding and shaping 
the " forms of things ;" the times during which the vari- 
ous portions of this great work were successively or 
simultaneously elaborated ; the agencies brought to bear 
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upon their periodic or contemporaneous development ; or 
the cyclical revolutions of those vast and indefinite periods 
which so far as we can perceive must have preceded their 
consummation in the appearance of man; these were 
matters as far beyond the comprehension of the nomadic 
people to whom the revelation was originally made and 
for whom it was primarily and chiefly designed, as they 
were unconnected with its main scope, and obvious pur- 
port. We are, therefore, at full liberty to accept the 
deductions of modem science, in this interesting field of 
knowledge, however they may transcend our previous 
conceptions of the import of scriptural phraseology ; nor 
in the prosecution of our researches in this direction is it 
at all material that we should be able to bring into ap- 
parent concord, by means of a forced and unnatural 
interpretation of plain and obvious expressions, the nu- 
merous incidental or narrative allusions made to this 
subject in the sacred volume, and the results of scientific 
analysis and philosophical induction. Neither the interests 
of religion nor of science are likely to be subserved by 
such a process ; and a sacred regard to the cause of truth, 
and the promotion and diffusion of sound knowledge, de- 
mands the adoption of a higher and nobler standard as 
well of moral and religious as of physical belief. 

The principles by which our faith — our convictions of 
moral and religious duty — our estimate of the relations in 
which we stand to each other, and to our Creator — and our 
conceptions of the illimitable future — are to be formed 
and guided, constitute a separate and distinct department 
of mental inquiry, the elements of which lie deeply 
imbedded in our moral and religious nature, and are 
"brought to light," by the inspired teachings of. revela- 
tion. These principles were coeval with the creation of 
the human race ; and equally applicable rn the earliest as 
in the latest stages of human advancement Their obli- 
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gations and requirements were as imperative and bind- 
ing upon man in the infancy of his being, as in its 
most mature development; and consequently in some 
form or other, they have been communicated to him in 
all periods and under all circumstances of his existence, 
with sufficient clearness, precision, and certainty, to en- 
able him to accomplish the great purposes of his immor- 
tal nature. On the other hand, those great discoveries 
and results in the various arts and sciences with which 
we are now, or may easily become so familiar, that they 
- cease to be regarded with wonder and astonishment, were, 
a few centuries since, either wholly unknown, or confined 
within the knowledge of a few master-spirits, to whose 
minds they were slowly and gradually unfolded, as the 
recompense and result of toilsome and painful years of 
deep thought and comprehensive research. One after 
another they were matured and unfolded ; subjected to the 
severe crucible of contemporaneous skepticism ; modified 
and expanded to conform to the increasing progress of 
knowledge in other departments; and ultimately incor- 
porated into the circle of estabnshed truths, accessible to 
all, and subject to all those uses in the advancement of 
science, which future ages and a higher civilization may 
require. Whatever may be the problems which remain 
to be solved, in the application of existing knowledge to 
the present and future exigencies of. the race, the extent 
and certainty of that knowledge can admit of no doubt ; 
and without being required to retrace any of the steps by 
which it was originally discovered, or to recombine any 
of the elements of which it has been composed, we have 
only to make such use of it as may best subserve the pur- 
poses we have in view, confidently relying upon the 
genuineness, firmness, and durability, of the materials 
thus placed at our command. 

" Whv should we hesitate," observes Professor Hitch- 
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cock, "to admit the existence of our globe through 
periods as long as geological researches require, since the 
sacred word does not declare the time of its original 
creation ; and since such a view of its antiquity enlarges 
our ideas of the operations of the Deity, in respect to 
duration, as much as astronomy does in regard to space ? 
Instead of bringing us into collision with Moses, it seems 
to me that geology furnishes us with some of the grand- 
est conceptions of the Divine attributes and plans to be 
found in the whole circle of human knowledge." — " If I 
understand geology aright," he again observes, " so far 
from teaching the eternity of the world, it proves more 
directly than any other science can, that its revolutions 
and races of inhabitants had a commencement ; and that 
it contains within itself the chymical energies, which 
need only to be set at liberty by the will of their Creator, 
to accomplish its destruction. Because this science 
teaches that the revolutions of nature have occupied 
immense periods of time, it does not, therefore, teach 
that they form an eternal series. It only enlarges our 
conceptions of the Deity T and when men shall cease to 
regard geology with jealousy and narrow-minded preju- 
dices, they will find that it opens fields of research and 
contemplation as wide and as grand as astronomy itself." 

Having thus disposed of this important preliminary 
point, by reference to a process of reasoning which, when 
expanded and analyzed from the various points of view 
of difierent observers, has hitherto, with rare and unim- 
portant exceptions, proved satisfactory and conclusive to 
the most strictly conscientious and religious minds in 
both hemispheres, and removed from the path of scien- 
tific inquiry every obstacle growing out of an apparent 
conflict with revealed truth, we shall proceed, very briefly 
to inquire into the practical benefits which may be likely 
to accrue, from the prosecution of the modem science of 
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geology, as illustrated and expounded by its ablest com- 
mentators. Knowledge, of every description, is, undoubt- 
edly, its own " exceeding great reward ;" and there, is 
a pleasure and a satisfaction in penetrating to the deep 
and exhaustless fountains of science; in accumulating, 
arranging, classifying, and appropriating facts in every 
department of the world of matter and of mind ; in the 
establishment of fundamental and comprehensive princi- 
ples, underlying the vast arcana of the universe, perva- 
ding all space and existing in all time ; in ascending from 
effects to causes ; and uniting in one complex but har- 
monious whole, the infinite variety of things which every- 
where surrounds us ; and this, wholly irrespective of any 
practical results— ^any direct application to the ordinary 
purposes of life. "The question *cui bono?' to .what 
practical end and advantage do your researches tend,*' 
observes Sir John Herschel, in his Discourse on the Study 
of Natural Philosophy, ." is one which the speculative 
philosopher, who loves knowledge for its own sake, and 
enjoys, as a rational being should enjoy, the mere con- 
templation of harmonious and mutually dependent truths, 
can seldom hear without a sense of humiliation. He 
feels that there is a lofty and disinterested pleasure in his 
speculations, which ought to exempt them from such 
questioning : communicating, as they do to his own mind 
the purest happiness, after the exercise of the benevolent 
and moral feelings, of which human nature is suscepti- 
ble, and tending to the injury of no one, be might surely 
allege this as a suflScient and direct reply to those who, 
having themselves little capacity, and less relish for intel- 
lectual pursuits, are constantly repeating upon him this 
inquiry." " 

" It is hardly possible," observes Professor Hitchcock, 
in an address delivered by him before the American Asso- 
ciation of Naturalists and Geologists, at their first meeting, 
15 
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at Philadelphia, << to place the geologist in any spot on 
the globe, where he does not witness around him the 
marks of mighty agencies and revolutions that are un- 
heeded by the common mind, but which furnish him 
with a rich fund for reflection. Henceforth he possesses 
a source of gratification, of which all the fluctuations 
and calamities of life can not deprive him. Other sources 
of happiness, as circumstances change and age advances, 
will pass away. But a genuine attachment to nature, 
clinging to the heart, will buoy it up, when the powers 
begin to fail, and the floods of affliction to roll over us ; 
and like the volcano, surrounded by polar snows, the 
flame will seem more bright and beautiful, amid the 
frosts of age." 

But, however exalted and even indispensable to the 
progressive development of the various useful arts, may 
be this abstract devotedness to the acquisition of knowl- 
edge for its own sake, in the minds of those to whom, in 
the dispensations of Providence, it is given to become 
the discoverers, the pioneers, the apostles — perhaps the 
martyrs — of science, the essential value of the highest 
intellectual gifts and attainments, consists in the ability 
which they confer to add to the existing stores of availa- 
ble power — in their practical adaptation to the physical, 
intellectual, and moral wants of the race. 

To Archimedes, Euclid, Galileo, Stevinus, Newton, 
and others of kindred genius, it may be permitted to 
retire within the inner sanctuary of the god-like mind 
for the elaboration from the purest fabrics of the intellect, 
of those universal principles of matter — those laws of the 
material universe — which exist and are true at all times, 
in all places, and under all circumstances ; which are in- 
dependent of the agency of human effort or wisdom ; 
and are connected with the fleeting interests of time and 
sense and humanity, in so far only as they are capable of 
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being rendered subservient to the purposes of the race 
by those special adaptations of unbending principles to 
passing events, which the enlightened intellect is from 
time to time enabled to compass. But of those to whom 
it is given only to retrace the steps of these mighty ex- 
plorers in the domain of the pure reason; to repeat the 
experiments and recombine the materials; and confirm 
the results of these inspired investigators into " the life of 
things ;" the great and beneficent purposes of intellectual, 
social, and moral existence imperatively requires, that 
practical adaptation of means to ends, and those extended 
and productive uses, which have a tendency to the pro- 
gressive advancement of true civilization in all its varied 
and comprehensive aspects. Had our illustrious country- 
man, BowDiTCH, simply contented himself with those 
patient, persevering, and exhausting labors which were 
necessary to a full comprehension and an adequate ap- 
preciaticm of the Prtncipia of Newton, and the " Jlfc- 
canique Celeste" of La Place; had he rested satisfied 
with combining in one masterly view those magnificent 
processes of geometrical investigation which, thus brought 
together, embraced all the known results of gravity upon 
the bodies of-, which our solar system not only, but all the 
systems which pervade the immensity of space, are com- 
posed, he would, indeed, have accomplished an herculean 
task, and his name would have been transmitted to the 
remotest posterity, in conjunction with those of the great 
masters whose ineffaceable footsteps he had so faithfully 
traced, compared and connected into one great highway 
of scientific investigation. But his memory rests on a 
still firmer and more durable basis, in the practical appli- 
cation which he gave of those immense combinations of 
physical science, to the purposes of marine navigation ; 
enabling the humblest intellect to direct the pathway of 
the stateliest vessel through the expanse of the trackless 
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ocean, with that unerring certainty and ccmfidence which 
an accurate and familiar acquaintance with the funda- 
mental principles of astronomical and mathematical 
science alone could otherwise have given. In like man- 
ner, the comparative exemption which we enjoy from the 
destructive power of the electric fluid, attests the emi- 
nently practical nature of those investigations of the laws 
of atmospherical phenomena, which Franklin so suc- 
cessfully and yet so laboriously prosecuted ; and the in- 
valuable because inappreciable preservation of human 
life in the perilous and mephitic recesses of the mineral 
world, by the use of the safety-lamp, has amply rewarded 
the consecration of the time and genius of Sir Humphrey 
Davy, to the science which may be said to owe its birth 
to his discriminating and comprehensive mind. 

"What, then, have the discoveries and researches of the 
eminent individuals who have devoted themselves to the 
elucidation of the principles of geological science, effect- 
ed, or what may they reasonably be expected to effect, 
in the advancement of that career of practical civiliza- 
tion which constitutes the distinctive characteristic of the 
present age ? The inquiry is both pertinent and import- 
ant ; and unless a satisfactory and convincing answer can 
be given, we shall look in vain for that general apprecia- 
tion and adoption of the truths we have to offer which 
can alone render them subservient to the great interests 
of humanity. 

The striking fact, however, that these truths, the 
reasonings and inductions from which they flow, the ex- 
traordinary and resistless testimony by which they are 
supported, and the important deductions to which they 
lead, have not only been widely appreciated and adopted, 
but espoused with an animation^ an enthusiasm, and an 
interest more general and pervading even than those 
which lend so powerful an attraction to the kindred 
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sciences of astronomy and chymistry, goes far, of itself 
to rescue our investigations in this department of knowl- 
edge, from the imputation of barrenness or want of prac- 
tical adaptation to the substantial purposes of life. There 
must be something more than the gratification of an idle 
curiosity, or the pleasure arising from the solution of an 
interesting but abstract problem of history, of physiology, 
or of dynamical forces operating upon or beneath the 
surface of the earth, to enlist the best energies of the 
ablest and most enlightened philosophers of Europe and 
America, during a period of more than half a century ; 
to awaken the exertions and secure the active co-opera- 
tion of a succession of finished scholars and accomplished 
cultivators of science, in an age distinguished perhaps 
above all others for its searching discrimination between 
the real and the ideal, and for its cautious skepticism in 
the recognition of new elements of thought and of action ; 
and what is still more remarkable and well nigh decisive 
of the point under consideration, to excite the deepest 
interest, and call forth the most unaffected enthusiasm, in 
the breasts of thousands, in every section of the civilized 
world, whose situation and pursuits in life have debarred 
from those investigations which could enable them to 
pronounce a scientific judgment upon the intrinsic value 
of the phenomena thus brought under review. Let us, 
then, briefly recapitulate some of the elements which 
compose the modem science of geology, with a view to 
ascertain in what respect it jnay be supposed to have a 
practical bearing upon the pervading interests of every 
civilized community. 

And first, it unfolds the gradual adaptation of the 
surface of the earth, to its successive races of inhabi- 
tants, carrying us back to a period long anterior to 
the existence of living beings, when the primordial 
elements of matter were arranging themselves, under 
^5* 
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the guiding hand of the Creator, from a chaotic aggre- 
gation of intensely heated fluids, into a consolidated 
mass of granitic rocks ; swayed hither and thither hy the 
gigantic force of suhterranean heat seeking an outlet for 
its pent-up vapors; here uplifted and elevated into the 
adamantine nucleus of a mountain range; there de- 
pressed, contorted, bent,. doubled upon itself and ultimate- 
ly resting, variously inclined, as the expansive and up- 
lifting forces gradually ceased or changed their direction ; 
a state of things obviously irreconcilable with animal or 
vegetable life : the infancy of our planet ; but an infancy 
stretching far back beyond our utmost conceptions of time 
— when time,indeed, was not — for there was no living being 
to mark its divisions, or tiake cognizance of its existence. 

Next we are called upon to mark the operation and 
effects of those elements which, during this long and 
fearful period of violent action and reaction, had sur- 
rounded the new-formed earth — composing a dense and 
mephitic atmosphere — originating by its inherent and 
variously-compounded forces a vast superincumbent ocean, 
and by its necessary tendency to equilibrium above, around, 
and below, giving birth to those winds, tides, and oceanic 
currents, which first disintegrated and decomposed the 
highest and most exposed caps of the inclined rocks, and 
then carried down their fragmentary particles, by streams 
and rivers wherever a channel had been worn, to the 
ocean, over whose vast bed they were distributed for a 
succession of ages — hardened and consolidated by super- 
incumbent pressure and subjacent heat — and again, in the 
progress of the great dial-plate of eternity, elevated above 
the surface of the waters by the same powerful and rest- 
less forces by which they were originally formed ; again 
and again to undergo a similar process in the vast labora- 
tory of creative energy. 

Periods of intense and uninterrupted volcanic action 
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were succeeded by long intervals of repose and tran- 
quillity, during which the bed of the sea was overspread 
with the constantly-accumulating debris of the rocks on 
the earth *s surface ; and while the layers first deposited 
were undergoing the process of consolidation to which 
we have above referred, the more recent beds became the 
receptacle of the primeval possessors of animal life, the 
molluscs, the /wci , the polypariay Crustacea, crinoidea, 
including trilobites, radiata, and various species of fishes. 
Then appeared also the first traces of vegetable life, 
oceanic and terrestrial ; sea-weeds and cryptogamous 
plants, flowerless and naked ; coral-reefs, elaborated during 
countless ages by myriads of the radiated polt/paria, 
gradually emerged from the depths of the ocean, or were 
elevated by the action of subterranean forces, to be in 
their turn decomposed and redeposited as a distinct and 
clearly-marked stratum, again to reappear upon the sur- 
face in the revolution of succeeding ages. 

We next reach, in the ascending series of geological 
phenomena, the carboniferous era; a period abounding 
in interest, and fertile in events, destined to exert an 
auspicious influence upon the future physical welfare of 
the race. Extensive regions of the earth, surrounded by 
a vast expanse of ocean, were clothed with a vegetation, 
rank and luxuriant in the extreme, consisting of mighty 
primeval forests of palms, arborescent ferns, and gigantic 
trees, resembling in structure the modem equiseim ; while 
the waters continued to abound in mollusca, radiata, Crusta- 
cea, and fish. The waste and decaying remains of these 
immense forests of a tropical climate, were annually 
floated down by rivers and currents to the ocean, and 
there deposited in solid beds, interstratified by and alter- 
nating with the successive and simultaneous deposites of 
mineral origin, to reappear after the revolution of in- 
numerable centuries, in a consolidated and metamor- 
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phosed form, in inexhaustible quantities, as coal. At 
this period, there is every reason to believe not only that 
a tropical climate pervaded the greater portion of the 
surface of the earth, the effect, in part, perhaps of the 
preponderating prevalence of immense bodies of water 
in every direction, but that the earth itself was one vast 
archipelago ; an ocean studded with uninhabited islands 
— some of greater and some of less dimensions, but no- 
where spreading out into those broad continents which 
now present themselves to the eye. The remains of these 
scattered islands are now visible and may be measured 
by the coal-bearing strata. In our own hemisphere the 
geologist can point with demonstrable certainty to the 
location and prominent boundaries of the terrestrial domain 
— where now the mighty Atlantic rolls its waves, extend- 
ing to the eastern declivity of the existing Appalachian 
chain of mountains, beyond which the primeval ocean 
became the grand reservoir of the ample materials for 
the subsistence and preservation of a race whose being 
yet lay concealed in the counsels of Omnipotence. Here 
were deposited during a countless succession of years, 
perhaps of ages, from the annually-recurring waste of 
the luxuriant and gigantic forests which overspread the 
adjacent continent, the rich stores of vegetable matter, 
which, fused, combined, and consolidated in nature's great 
laboratory, now compose the inexhaustible coalfields of 
the south and west. By a similar process, the immense 
coal districts of the island of Great Britain were elab- 
orated ; and it is only in the formations of this early 
period in the annals of creative energy ; only in regions 
where the industry and art of man, aided by the develop- 
ments of nature can penetrate to these lower chambers 
of the mighty frame-work of the globe ; that this import- 
ant portion of its mineral treasures will yield itself to his 
demands. Rich, varied, and inexhaustible, as are the 
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provisions thus stored up for the high uses of a progres- 
sive civilization, they must be sought for only in that 
specific repository where the Almighty Architect, myriads 
of ages before man existed, deposited, arranged, and 
dedicated them to the purposes of his infinite providence. 

Over them, the varied creations of ages upon ages 
have successively been piled: tremendous earthquakes 
and cataclysms have elevated, distorted, shaken, and 
riven their consolidated masses ; volcanic eruptions have 
pierced through their adamantine bulk, and left their 
fiery traces deeply engraven in seams of mineral wealth 
upon their huge surface ; and in the alternations of those 
vast elemental forces which have thus operated with such 
gigantic power, over a period which the imagination 
seeks in vain to compass or comprehend, a surface of ex- 
tent sufficient to embrace an area adequate to all the pur- 
poses of man for countless generations, has been elevated 
to a point whence he may command its immense re- 
sources, and apply its exhaustless treasures to the sup- 
ply of his wants, in whatsoever direction the majestic 
march of civilization may require their agency. 

Surely, if geology had done no more than to assure us 
of this important fact ; if its sole claim to our attention 
and regard consisted in the discovery and identification 
of the coal'bearing strata, throughout the earth, and in 
the irrefragable demonstration of those conditions under 
which, alone, we may be assured of its existence and 
extent ; it would have established its title to an honorable 
name and an exalted place among those sciences most 
emmentfor their practical utility and beneficent results. 
What treasuries of wealth, what painful expenditure of 
labor, what vast energies of skill and enterprise, have in 
all ages been fruitlessly expended in the search for this 
invaluable mineral in situations where, in the light of 
geological science, we now know, its occurrence was 
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physically impossible ? And is it not much, that an in- 
fallible and unerring direction has thus been given to all 
our future exertions in this great field of human enter- 
prise and research ? 

" There is one thing," says Professor Hall, in a valu- 
able paper communicated by him to the New York State 
Agricultural Society, " to be constantly borne in mind, 
viz., that order is the first law of nature; that the 
materials forming the solid crust of our globe are arranged 
in a definite sequence ; and that this arrangement is 
always and everywhere the same. Such valuable sub- 
stances, therefore, as we seek, are not the result of acci- 
dent and chance ; but the product of fixed and ud erring 
laws, which govern in all places, and "all periods of the 
earth's history. Coal is not to be sought indiscriminately 
in all rocky strata, neither, indeed, in all those where we 
find indications of its existence. There has been one 
period in the geological history of our continent when 
this material was produced in incalculable quantities and 
spread over wide areas. It is true, that, at some subse- 
quent periods, there have been partial depositions of this 
mineral ; but it must be totally useless to search for it in 
rocks formed at a period previous to that denominated the 
coal formations. Such is equally true of all the other 
useful and valuable productions." 

Pausing at the period of the earth's history which we 
have now reached, we distinctly perceive the strongly- 
marked indications of two separate periods of repose, 
and two of disturbance ; during the former of which, the 
spoils of the existing land, the disintegrated fragments of 
the different species of rocks, die decayed and decaying 
vegetation of continents bending under the weight of 
mighty forests, were annually carried down to the sur- 
rounding ocean, and piled upon its rocky bed where, in 
the long revolutions of ages, it was pressed and consoli- 
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dated in every direction, and by various agencies meta- 
morphosed into an immense mass of mineral substances, 
preparatory to its reappearance on the great theatre of 
terrestrial creation* Then came into action the tremen- 
dous forces of the subterranean elements, upheaving the 
superincumbent masses ; forcing a passage through the solid 
rocks for torrents of intensely-heated lava ; here scooping 
out new beds for the sea, and there throwing up high 
above the surface of the former ocean, the compact 
materials accumulated and consolidated beneath its waves, 
piling them in confused, inclined, and contorted shapes 
wherever the resistless direction of these mighty ener- 
gies pointed, and swallowing up and completely extermi- 
nating whole races of organic life» It is to be observed, 
however, that these powerful and destructive agencies of 
long-continued violence, extensively as they predominated, 
were by no means universal ; that they were circum- 
scribed by large areas over which no indications of un- 
usual disturbance are perceptible ; and succeeded by long 
periods of tranquillity and repose, the appearance of new 
types of organific life, and the predominance of a new 
order of terrestrial phenomena. 

Next in order we approach the new red sandstone sys* 
tem, a deposite composed chiefly of sand and clay, the 
characteristic color of which is red, and which, although 
destitute in a great measure of organic remains, affords 
an abundant supply of gypsum and rock-salt. During 
the period occupied by this deposition, there are unequivo- 
cal indications of the commencement of an almost entire 
revolution in the forms of organic life. It is in this for- 
mation, in Connecticut, that Professor Hitchcock has 
discovered impressions of the feet of birds of gigantic 
size and curious structure. The tracks also of an animal 
supposed to belong to the marsupial or lowest order of 
mammalia have been discovered in the new red sandstone 
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of different portions of Europe ; but from the absence of 
any definite traces beyond these foot-prints, no certain 
evidence of the remains of mammalia at this early period 
can be predicated. 

"We have now," to use the expressive language of 
Dr. Mantell, " arrived on the shores of that ocean, of 
whose spoils the existing islands and continents are princi* 
pally composed ; the fathomless depths of the ancient 
seas are spread out before us, and the myriads of beings 
which sported in their waters, and lived and died in those 
profound abysses, remain, like the mummies of ancient 
Egypt, the silent, yet eloquent teachers of their own 
eventful history." During this period, several species of 
enormous saurians, reptiles, marine, amphibious, and ter« 
restrial, of the lizard tribe, the mesosaurus, ichthyosauruSf 
plesiosaurusy megalosauruSf iguanodon, megatherium^ 
&c., ranged undisturbed over the land and inhabited the 
sea, deriving an ample sustenance from the unclaimed 
stores of vegetable and animal life by which they were 
surrounded, and leaving legible foot-prints of their exist- 
ence, nature, and magnitude, but formnately for the 
interests of humanity, transmitting to us no lineal repre- 
sentatives of their formidable dynasty. 

To this, succeeds, over the northern portion of Europe, 
including the whole of England and a large part of 
France and Germany, and on the eastern portion of the 
United States, occupying the Atlantic border from New 
Jersey to Florida, and thence developing itself in a 
westerly direction over Alabama, Arkansas, and Missouri, 
the chalk formations, or cretaceous system of the geolo- 
gist, resting upon a foundation of sand and clay, in its 
lower part, and consisting in general of a soft and earthy 
carbonate of lime, but occasionally presenting over large 
surfaces, an indurated mass of compact crystalline mar- 
ble well adapted to ornamental architecture. The upper 



PBACTICAL BESTTLTS OP GEOLOGICAL SCIENCE. 181 

portion of this formation, so extensively prevalent ia 
Europe, seems to be wanting, or very imperfectly de- 
veloped in the corresponding rocks of the United States. 
"There are.strong reasons for attributing its origin, at least 
in part, to the decay of pre-existing beds of coral ; a 
microscopic analysis of large masses of this mineral in 
dififereut portions of its structure exhibiting the presence 
of myriads of distinctly-formed shells and cases of marine 
infusoria and corals. 

Many eminent geologists, however, while disposed to 
admit this hypothesis to a limited extent, and as adequate 
to account for the mineralogical phenomena presented by 
a portion of the cretaceous rocks, regard it as altogether 
insufficient to account satisfactorily, for the far greater sur- 
face of this extensive formation in both hemispheres ; and 
attribute the origin of the calcareous and magnesian 
earths, as well as those composed of silex and alumine, to 
precipitation from igneous fluids from time to time thrown 
up from the interior of the earth, either as melted lava or 
in aqueous solution, or a mechanical admixture with 
water, through those vast fissures which are known so 
frequently to intersect the subjacent rocks. To whatever 
circumstances, however, we are to trace the origin of 
this important portion of the earth's surface, an accurate 
and scientific knowledge of its peculiar qualities, its loca- 
tion, extent, and boundaries, the adaptation of its various 
beds to the numerous purposes of agricultural and archi- 
tectural economy, can scarcely fail to prove subservient in 
an eminent degree to the highest objects of civilized life. 

Upon the chalk formation rests the series of the tertiary 
beds, which are distinguished from those of the secondary 
not less by their mineral character than by the marked 
differences in their organic remains. Instead of a con- 
solidated mass of compact rocks, affording evidence of 
long-continued pressure and powerful metamorphic agen* 
16 
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cy, the tertiary strata for the most part present a succes- 
sion of heds of gravel, clay, and sand, of mechanical 
origin, derived from the detritus of rivers, deposited in 
the beds of fresh-water lakes as well as oceans, and in- 
termingled with volcanic matter. They contain ample 
evidences of a radical change in the conditions of the 
earth's surface; of the general prevalence of a lower 
temperature ; of extensive alterations in the relative posi- 
tion of sea and land ; of the existence in the eastern 
hemisphere of immense fresh-water lakes, analogous to 
those in our own continent ; and of the operation of sub« 
terranean Jbrces of immense power, and Vast extent* 
An entire revolution in organic species succeeded in the 
order of events to which we have arrived. No species of 
shells common to those of the preceding formations have 
yet been discovered ; the enormous reptiles which charac- 
terized the secondary era wholly disappeared, and were 
replaced by others more nearly corresponding to those 
which haunt the banks of modem tropical rivers and 
gulfs ; and unequivocal indications of marine and terres- 
trial mammalia here first meet us. Deposites of plastic 
clay, sandstone in all its .varieties, siliceous limestone, 
gypsum and freshwater, and marine marl, and rich allu- 
vial loam are found variously intermingled, and resting at 
various depths below the smface, upon the beds of the 
secondary formation. The constituent elements of soils 
of the richest fertility and highest agricultural value, here 
abound in every portion of the earth ; and it is upon that 
discriminating and thorough acquaintance with their 
various, localities, extent, and characteristics, which this 
science alone can adequately give, aided by the clear dis- 
coveries and systematic researches of modem chymistry, 
that the enlightened agriculturist must depend for the 
ability to derive the greatest amount of practical power 
from the soil at his command. 



PHACTICAL RESULTS OF GEOLOGICAL SCIENCE. 183 

Where the soil consists chiefly of clay, the incessaot 
moisture and dampness arising from the retentiveness of 
this substance must be overcome by constant and sys- 
tematic draining or neutralized by a plentiful and judicious 
admixture of other and more porous earths, aided by 
animal and vegetable manures. Where the prevailing 
constituent is sand, an opposite mode of treatment is 
requisite, in order to obtain the necessary supplies of 
Water ; and an infusion of clay and limestone, together 
with a process of irrigation, becomes indispensable to its 
fertility. The artificial combination of the different 
species of soils, in connexion with a plentiful supply of 
decomposed animal and vegetable matter, affords the 
richest materials for agricultural enterprise. But in order 
to effect this combination in the most judicious and effec- 
tive manSer, and to render it available as far as may be 
practicable under every variety of circumstances, the 
agriculturist must possess an accurate and discriminating 
knowledge of the component elements of his soil, at 
various depths from the surface ; of its contiguity to other 
and different formations ; of its chynlical composition, 
susceptibilities, powers, and adaptations; d!?d of the 
proportions of its different combinations best adapted to 
specific parts and courses of husbandry. 

But it is unnecessary to pursue at greater length this 
train of investigation to be convinced that, considered in a 
merely economical point of view, the discoveries and de- 
ductions which geological science enables us to make 
from tte enlightened perusal of the great volume of 
nature thus laid open to our view, are of the utmost im- 
portance and value to the well-being and advancement of 
the race. To the miner; to the agriculturist; to the 
architect ; to the merchant ; no less than to the statesman, 
the natttralist, the chymist, and the philosopher — do the 
lessons here written upon the adamantine tablets of crea- 
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tion commeDd themselves with a pertinency and force 
inferior to the claims of no portion of existing knowledge. 
All classes — all interests — identified with modem civiliza- 
tion, refinement, taste, and progress, find here the inex- 
haustible materials from which the structure of the social 
fabric is to be perpetuated, enlarged, and elevated, in 
harmony with the march of increasing knowledge, wis- 
dom, and moral and intellectual power. 

When, however, we expand our conceptions from 
material interests to an enlarged appreciation of the 
economy of our Being in all its relations ; when from the 
circumscribed limits of mere utilitarian investigations, we 
pass to the wide domain of a higher philosophy — the 
developments of geology assume a magnificence, a gran- 
deur and sublimity, equalled only by those ennobling 
records of infinite time and space, which the astronomer 
has unfolded to our astonished perception. In the con- 
templation of those vast eras of duration which are feebly 
signified to our senses by the successive results of periods 
embracing for their completion cycle upon cycle of ages, 
compared with which the few thousands of years which 
have elapsed since the creation of man marked the epoch 
of humanity, dwindle into utter insignificance ; our minds 
are lost in the effort to grasp the conception, however in- 
adequate, of that creative energy, which originated, and 
through such vast periods, and by. such magnificent and 
incomprehensible displays of power, prepared for the 
habitation of intelligent beings, this terrestrial orb, itself 
but one among the least of those myriads of worlds 
which overspread infinity of space. 

" No analogy," says Mr. Lyell, speaking in reference 
to the time which has elapsed since the Niagara river 
first began to drain the waters of the upper lakes, " can 
be found in the natural world to the immense scale of 
these divisions of past time, unless we contemplate the 
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celestial spaces which have been measured by the astrono- 
mer. Some of the nearest of these, within the limits of 
the solar system, as for example, the orbits of the planets, 
are reckoned by hundreds of millions of miles, which the 
imagination in vain endeavors to grasp. Yet one of these 
spaces, such as the diameter of the earth's orbit, is re- 
garded as a mere unit ; a mere infinitesimal fraction of 
the distance which separates our sun from the nearest 
star. By pursuing still further the same investigation, 
we learn that there are luminous clouds scarcely dis- 
tinguishable by the naked eye, but resolvable by the 
telescope into clusters of stars, which are so much more 
remote that the interval between our sun and Sirius may 
be but a fraction of this larger distance. To regions of 
space of this higher order in point of magnitude, we may 
probably compare such an interval of time as that which 
divides the human epoch from the origin of the coralline 
limestone over which the Niagara is precipitated at the 
Falls. Many have been the successive revolutions in or- 
ganic life, and many the vicissitudes in the physical 
geography of the globe, and often has sea been converted 
into land and land into sea since that rock was form'ed. 
The Alps, the Pyrenees, the Himalaya, have not only be- 
gun to exist as lofty inountain chains, but the solid ma- 
terials of which they are composed have been slowly 
elaborated beneath the sea within the stupendous interval 
of ages here alluded to." 

" The evidence of geological phenomena," observes Dr. 
John Pye Smith, in one of the notes to his admirable 
treatise on Scripture and Geology, " constrains us to the 
belief that our earth has existed — has been the seat of 
life — and has undergone many changes of its surface 
through periods of time utterly beyond human power to 
assign. That evidence is of distinct and independent 
kinds, chiefly derived from the appearances of stratifica- 
16* 
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tioD, and the remains of anima l and vegetable life ; and 
to at least the most of those who have taken pains to 
become competently acquainted with its nature and ya- 
riety, it produces the effect of an overpowering ocular 
and tangible demonstration. " — " The remains of human 
beings, and of any vestiges of the arts and operations of 
man, are discovered only upon or in those sur&ces and 
sarthy masses which are demonstrably posterior to all 
regular geological deposites; and under circumstances 
indicating the human species to have been among the 
most recent products of the Creator's power.*' — " In no 
formation that can be called stratified, even of the newest 
tertiary beds, has anything human been discovered ; 
and the formation even of those strata which are nearest 
the surface must have occupied vast periods, probably 
millions of years." — " The whole series of strata, from 
the earliest of them to the present surface of the globe, 
exhibits a body of evidence, in favor of this doctrine. 
Every stratum consists of a mass of earthy matters, 
which once formed the substance of rocks on elevated 
lands. These portions of the rocks have been separated 
f(»r 'their parent masses, worn down, comminuted, trans- 
ported often to great distances by the force of water, 
deposited, consolidated, elevated, and hardened. Opera- 
tions of this kind have been repeated many times, homo- 
geneously and heterogeneously, as to the mineralogical 
constitution of the masses ; but the thickness, the lamina- 
tion, the joints, and cleavage, and the imbedded remains 
of animal and vegetable beings, can not be contemplated 
with due attention, without producing a conviction 
stronger than words can express of periods of time ama- 
zing and overwhelming to the mind." — " Let me entreat 
^^^ a thoughtful person to meditate on the succession which 
^^■^e have thus rapidly and imperfectly reviewed. Let him 
^bpresent to himself a series of earthy materials for the 
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most part dried and consolidated into hard rock, proved by 
the plainest evidences of the senses to have been sedi- 
ments from mixtm'e in water ; carrying, in their texture 
and accompaniments, the equally manifest proofs of quiet, 
gradual, and slow deposition; altered at different and 
long-distant times by forces urging from below, often and 
perhaps usually of very slow and gradual action, but fre- 
quently by the intrusion of melted rock driven up with 
tremendous violence; and that the imited thickness of 
the whole can not be less than five miles, but certainly, in 
extensive ranges, approaching to the double of that esti- 
mate. Let him ask, in each case, whence were those 
earthy materials derived ? He will find that they have 
been worn away from the surfaces of antecedent and now 
underlying rocks and dry land. Let him, then, reflect 
upon the time requisite for this repetition of operations 
so prodigious, prodticing a series of many terms, requir- 
ing intervals of both repose and action, to which it is 
difficult for the imagination to soar. And let him con- 
sider whether he can conceive the possibility of those 
results having been effected in less periods of duration 
than such as bid defiance to our poor chronology." Mr, 
M'CulIoch — an assiduous, sagacious, and emineptly- 
qualified observer ; a most extensive laborer in the field 
of practical geology and a zealous friend of revealed 
religion — assigns a period of at least six hundred thousand 
years, for the productioa and deposition of the car- 
boniferous or coal-bearing series, of the sandstone forma- 
tion alone. "And yet," he observes, "what are the 
coal deposites, and what the oldest sandstone, compared 
to the entire mass of the strata ? If these views of the 
powers and the results of geological investigation are 
alarming to feeble minds, they tend to exalt that science 
in the estimation of those who neither fear to seek Truth, 
nor dread it when found." 
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It is easy for the most superficial mind to conceive the 
exertion by the Deity of that Omnipotence which, by a 
word, should speak into existence not only this plaiiet of 
ours, but systems of worlds pervading all space and filling 
all immensity ; and that, by the fiat of his will, he should 
impress upon every portion of that matter which presents 
itself to our view, its peculiar properties, appearances, 
and phenomena, whether of animal or vegetable life ; of 
organic fossils ; of alternating marine and terrestrial strata ; 
of hill and valley, mountain, lake, and plains of dis- 
turbance, derangement, contortion, and dislocation, simi- 
lar in appearance and efi*ects to such as we now perceive 
to be the invariable and necessary consequences of the 
long-continued operation of efficient causes pervading the 
whole economy of nature. We can neither assign bounds 
to the power of Omnipotence, nor undertake to prescribe 
the manner in which that power sh^U at any time be 
exerted. But in the legitimate exercise of those faculties 
of reason and judgment which he has conferred upon us, 
we are guilty of no presumption in inferring, from a com- 
prehensive survey of those great laws which are im- 
pressed upon the constitution of the universe, as well of 
mind as of matter, that the appearances which present 
themselves on every hand to our view, participate in and 
are arranged conformably to those simple but majestic 
and eternal principles. When we discover upon the caps 
ot the highest mountains of our existing continents, the 
entombed relics of myriads of insects, corresponding in 
structure and organic development, in all respects, with 
those which we know now to constitute the inhabitants 
of the ocean's profoundest abysses ; when, at every stage 
jur progress from these elevated cliffs to their base, 
icune from their apparent sleep of ages, the im- 
remains of animals, vegetables, and minerals, the 
which have no existence in the most ancient 
of the historical period, and are utterly unknown 
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to the present order of things ; when we survey, in every 
portion of the globe, the overpowering evidences of a 
series of convulsions, catastrophes, and general disloca- 
tion and disturbance of the subjacent surface ; and trace 
over all, a long succession of formations, upon whose firm 
and consolidated beds, animal and vegetable life has for 
ages flourished and decayed ; and finally, when we seek 
in vain for the remotest traces of man or his works, be- 
yond the most modem of these myriad formations, each 
one of which must, so far as we can determine, either 
from reason, experience, or observation, have required 
centuries for its completion ; we are no longer at liberty, 
in the rational and responsible exercise of the powers 
conferred upon us, to reject the irresistible testimony of 
our senses, our reason, and judgment, or to resort to the 
agency of a miraculous exercise of omnipotent energy, to 
enable us to "cut the gordian knot" of creation, and 
solve the difiicult but clear problem of the past. "We are 
to remember that, to the Deity, " a thousand years are but 
as one day;" that time and space have no existence 
in the counsels of the Infinite One ; that in the formation, 
as in the preservation of the material world, those prin- 
ciples of order, of harmony, and of adaptation, which 
pervade all being, and without which we are utterly in- 
competent to form the remotest conception of existence 
itself, must necessarily prevail; and that, feeble and in- 
adequate as may be our highest comprehension of the 
ultimate scope, and limited as is our knowledge of the 
extent and boundaries of those eternal laws, in accordance 
with which the universe holds on its majestic and mag- 
nificent course, from age to age, the segment of the vast 
and boundless circle of Providence, which is open to our 
view, presents no features at variance with or unconform- 
able to the mighty whole. 

THE END. 
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VALUABLE WORKS 

PUBLISHED BT 

GREELEY & McELRATH, 

TBIBUNB SmLDINQS, 

NEW YORK. 

POPULAR LECTURES 

ON 

SCIENCE AND ART, 

DELIYKRXD IN THE CHIEF CITIES AND TOWNS IN THE UNITED STATES, 

BY DI0NYSIU8 LARDNBR, 
Doctor of Civil Law, Fellow of the Royal Societies of London and 
Edinburgh, Member of the Universities of Cambridge and Dublin, and 
formerly Professor of Natural Philosophy and Astronomy in the Uni- 
versity of London, Ac, &c. 

IN TWO VOLUMES. 



After Dr. Lardner had brought to a close bis public Lectures in 
the United States, be was prevailed upon by the rublishers to pre- 
pare a complete and authentic edition for publication. The general 
interest which, for a period of several years, these beautiful expo- 
sitions and commentaries on the Natural Sciences had excited, and 
which was so universall^r felt and acknowledged, induced the Pub- 
Ushers to believe that their publication would be most acceptable, as 
well as permanently beneficial, to the American public. In these 
published Lectures, it will be found that the Author has preserved 
the same simplicitv of language, perspicuity of reasoning, and felicity 
of illustration, which rendered the oral discourses so universally 
popalar. 'While the Work was passing through the press, and as the 
different Numbers or Parts were circulated, the Publishers received 
from all sections of the Union the most flattering encomiums of the 
usefulness of the work, and of the manner in which it was printed 
and illustrated. It was gratifying to the Publishers to notice the 
interest taken in the work by mechanics. In one workshop in New 
York, thirty of the Journeymen purchased the Numbers as mey were 
published ; and in several large establishments, the workmen formed 
clubs and purchased the work at the wholesale or dozen price. The 
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number of Lithographic and Wood Engravings, large and small, in 
the whole series, is 380. 

We do not know that we can give a better idea of the work, to 
those who have not seen it, than by publishing the ibllawing titles of 
the different Lectures : — 

The Plurality of Worlds.— The Sun —Eclipses.— The Aurora Bo- 
realis. — Electricity. — The Minor Planets. — Weaker Almanacs. — 
Halley's Comet— The Atmosphere.— The New Planets. — The 
Tides. — Light. — The Major Planets. — Reflection of Light — Pros- 
pects of Steam Navigation. — The Barometer. — The Moon. — Heat 
— The Atlantic Steam Question. — Galvanism. — The Moon and the 
Weather. — Periodic Comets. — B;adiation of Heat — Meteoric Stones 
and Shooting Stars. — The Earth. — Lunar Influences. — Physical 
Constitution of Comets. — Thunder-Storms. — The Latitudes and 
Longitudes. — Theory of Colors. — The visible Stars. — Water- 
Spouts and Whirlwinds. — Matter and its Physical Properties. — 
Elasticity of Air. — Effects of Lightning. — Popular Fallacies. — 
Protection from Lightning. — Magnetism. — Electro-Magnetism. — 
The Thermometer. — Atmospheric Electricity. — Evaporation. — 
Cond action of Heat. — Relation of Heat and Light. — Action and 
Reaction.— Composition and Resolution of Force. — Centre of 
Gravity.— The Lever and Wheel-work. — The Pulley.— The In- 
clined Plane, Wedge and Screw. — Ebullition. — Combustion. — 
How to observe the Heavens. — The Stellar Universe (two Lec- 
tures). — The Steam-Engine (five Lectures). 
f^^ The above Work was originally published in fourteen Num- 
bers or Parts, and sold at the extremely low price of 25 cents per 
Number. Any of the Numbers can still be purchased. The entire 
Work is now completed and sold in two large octavb volumes of 
about 600 pages each, well bound in full cloth, illustrated by 380 
Engravinp;s, and sold at ^^ SO. 

f^^ District School Libraries can order these Lectures through 
any of the Booksellers or Country Merchants. Parents, Teachers, 
Superintendents and Trustees of Common Schools, Farmers, Mechan- 
ics, and all, indeed, who have any desire to increase their store of 
useful information on the subjects embraced in these volumes, are 
earnestly entreated to examine this Work before they throw away 
their money on the trash, or even worse than trash, that is now so 
rapidly inundating the country. 

From among the numerous Recommendatory Notices which the 
Publishers received during the progress of the publication, we have 
only room to give the following : — 

From D. Meredith Reese, A. M., M. D., Superintendent qf Common 
Schools tn the City and County of New York. 

New Yobk, Oct. SOth, 1845. 
Messrs. Greeley ds McElrath : 

Gentlemen:—! have examined the Popular Lectures of Dr. Lardner, 
ON Science and Art, with much satisfaction, and take pleasure in 
expressing the opinion that you are doing a valuable service to the people 
of our common country by their publication, and especially by issuing 
them in numbers, and at so cheap a rate. 
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To popularize Science and cheapen Knowledge, must be regarded by 
the philanthropist as worthy of the mightiest minds of the age, and to be 
successful in such efforts, constitutes their authors public benefactors^ 
These Lectures of Dr. Lardner are addressed to the common mind, and 
though treading upon the loftiest of the Natural Sciences, are so plain 
and practical, so simple and attractive, that all who can read may readily 

Srofit by their instructions. The clear and familiar illustrations and 
iagrams, which abound in every department, are skilfully adapted to the 
apprehension of youth, who should bo encouraged everywhere to read 
and study them, and thus promote their own happiness and usefulness. 

I could wish that they were found in every School Library, to which 
their scientific accuracy and numerous moral reflections upon the won- 
derful works of God should be esteemed no small commendation. But 
they should be found in every workshop in the land; for Science and 
Art are here exhibited in their true relations ; and the working men of 
our country would find here both entertainment and instruction, calcu- 
lated to improve alike their intellects and their morals. 

D. M. RxxsE. 

Albany, May 5, 1840. 
Messrs. Gsbelet & MgElrath : 

Gentlemen:— I cordially and cheerfully concur with my friend, Dr. 
Reese, in the high appreciation which he places on your edition of Dr. 
Lardner's Lectures, and have no hesitation in recommending them as a 
most valuable acquisition to our School Libraries. 

Saml. S. Randall, 

Dep. Supt. Com, SchooU, 

"These publications are admirably adapted to interest and instruct the 
general reader.^^iVbruncA Gleaner. 

" No man has succeeded better in giving popular interest to abstruse 
subjects than Dr. Laxdner.**— Worcester JEgxa, 

** Tho work will be a very interesting and valuable one, and ought to 
be found in many places now monopolized by the worthless rubbish of 
the day; we mean cheap novels. We think great credit is due to 
Greeley A McElrath, for their effort to bring Science within the reach of 
so many, and make it the fireside companion of almost every home. Let 
them be libierally patronized."— WAi<e Movaaain Torrent, 

"* The work will be a valuable one, and the sale must be immense.'^— 
Bellows Falls Gazette. 

" We hope these enterprising publishers may be liberally encouraged 
in the effort to furnish reading for the people.'* — Christian Freeman. 

** The citizens of small country towns which are not visited by such 
Lecturers as Dr. Lardner, are under weighty obligations to Messrs. 
Greeley dE McElrath for the opportunity thus afforded, to put themselves 
in.possession of a work of much merit."— WAtjr {Wayne Co. N. Y.) 

** A valuable accession to the Scientific Literature of the day ; worth 
a ton of the sickening love stories that flood the country."— Eo^port 
Sentinel (Me.) 

** One happy and remarkable trait of the work is, its perfect adaptation 
to the most common minds. We truest that such a work will receive 
from the reading community that encouragement which it so justly 
merits ; that it will be found on every fanner's table, and in every 
library."— £ii««f2»rMe (IW.) 

IT 
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" If OUT yoath would once taste, and get interested in Science thus 
taught, they would find a method of employing their reading hours more 
happy and useful for themselves as well as for all whose character and 
happiness are affected by them, than in devouring the light and often 
immoral stories and romances which flood the country/'— CAruhan Mirr. 

** The most valuable Lectures ever published in the United States."— 
Talladega Reporter {Ala.) 

" A work of high value, and must And a wide circulaUon."— BoftMiorw 
Patriet. 

** We consider these Lectures among the most valuable reading that 
has ever been offered to the American ^uhhc*^— Cultivator. 

** We know of no publication in this department of Literature which 
has succeeded so well, in stripping an unwise and erudite philology from 
a vast mine of mental wealth, and exhibiting its attractions to the 
delighted gaze of the < unlettered hind,' as well as to the student of 
Nature's manifold mysteries. 

"We would be elad to see these interesting dissertations in every 
family (and we think their cheapness renders them accessible to most), 
because there is a solidity of matter and a vigor of style about them, 
which wiU render them as instructive and impressive to succeeding gen- 
erations as to the present."— Tile Virginiaa. 

** We wish our readers may, one and all, have the gratification and 
the benefit of using such mental food as these Lectures afford."— Amer^ 
icam Freeman (Wis. T.) 

" These Lectures of Dr. Lardner are of great value. They treat of 
interesting and important subjects, and embody a vast amount of val- 
uable information in an attractive and agreeable style. If our young 
men and girls would save the ninepences and ouarters to buy this work 
which thev now spend for the disgusting and sickening love stories 
which flood the country, and which they so eagerly seek for, they would 
ftnd their heads filled up with something useful and instructive, instead 
of vulgar trash."— 7A<wuutoii Recorder. 

** This work ought to be in the hands of every young mechanic in the 
land, as well as the astronomer and man of science, as mechanics and 
mechanism occupy a large place." — PeopWt Advocate (Yorky Pa.) 

** We can not forbear to recommend this work to the attention of all 
who wish to acquaint themselves in the easiest and cheapest way with 
the wonderful and mysterious agencies uf physical nature. To the stu- 
dent and the teacher, the professional man and the day laborer, it is 
a work equally valuable and interesting. The whole series will com- 
prise, at a comparatively trifling expense, one of the most valuable com- 
pendiums of Natural Philosophy and Mechanical Science to be found in 
the language. To young men and mechanics who want the leisure to 
delve through more abstruse and voluminous works, these Lectures will 
be found inyalvable."— Independent Democrat {Concord, N. H.) 



Any person wishing to procure this valuable work mav apply 

to our Agents, or to any of the Booksellers or Country Merchants in 
Uny part of the United States. Orders are respectfully solicited. 
GRBELBY & McBLRATH, Publishers, 

Tribune Buildings, New Yor1(. 



300ES PUBLISHED BT GBEELEY « McELBATH. 
GREAT BOOK FOR FARMERS. 



THE FARMERS' LIBRARY 

AND 

MONTHLY JOURNAL OP AGEICULTUEt 

JOHN S. SKINNBB, Editor. 

Each number consists of two distinct parts, viz : — 

I. The Farmers' Library, in which are pablished continnonsly 
the best Standard Works on Agricoltare, embracing those which, 
by their cost or the language in which they are written, would oth- 
erwise seem beyond the reach of nearly all American Farmers. In 
this way we give for two or three dollars the choicest European 
treatises and researches in Agriculture, costing ten times as much in 
the original editions, not easily obtained at any price, and virtually out 
of the reach of men who live by following the plough. The works 
published in the Library will form a compete series, exploring and 
exhibiting the whole field of Natural Science, and developing the 
rich treasures which chvmistry, geology, and mechanics, have yield- 
ed and may yield to lighten the labors and swell the harvests of the 
intelligent husbandman. 

II. The Monthly Journal of Aoricultdre will likewise con- 
tain about 50 pages per month, and will comprise, 1. Foreign : 8e- 
lections from the higher class of British, French, and Gterman periodi- 
cals devoted to Agriculture, with extracts irom new books which 
may not be published in the Library, Sec, &c. 2. American : Edito- 
rials, communicated and selected accounts of experiments, improved 
processes, discoveries in Agriculture, new implements, &c., &c. In 
this department alone will ours resemble any American work ever 
yet pablished. It can hardly be necessaiy to add that no political, 
economic, or other controverted doctrine, wiU be inculcated through 
tbis magazine. 

Each number of the Library is illustrated by nxmierous Engra- 
vings, printed on type obtained expressly for this work, and on good 
paper — the whole got up as such a work should be. 

This Monthly, which is by far the amplest and most comprehensive 
Agricultural periodical ever established in America, was commenced 
in the month of July, 1845, and before the close of the first ^ear, 
amoug its subscribers were embraced many of the most intelligent 
farmers, professional men, and retired gentlemen, in every City and 
State in the Union. The reprint of standard ^orks, and the va» 
riety, elegance, and costliness of the Engravings, wiU always ren- 
der this one of the most useful and interesting, and, in view of 
the amount of reading matter, the cheapest Farming periodical in 
this or any other country. The beautiful work of Petzholdt on 
Agricultural Chymistky, was published oompleto in the firat two 



G BOOKS FTTBLISHED BY GREELET ft McELBATH. 

numbers of the Farmers* Library, and the great work of Von Thaer, 
on the Principles of Agriculture, translated by William 
Shaw and Cuthbert Johnson, with a Memoir of the Author, 
&c., was commenced in the number tff the Library for September, 
1845, and was completed entire, without abridgment, in tne Jane 
number for 1846. This jastly celebrated work is alone worth the 
fall subscription price of me Parmers* Library, and yet it is not more 
than O10 third of what each subscriber to the Work receives for his 
subscription money. This work of Von Thaer was originally writ- 
ten and published in the German language, translated and published 
in the French and afterward in the English language. It is pro- 
nounced by competent judges to be the most finished Agricultural 
Book which has ever been written. The London edition is printed 
in two octavo volumes, and is sold at about $8 per copy. 

Von Thaer was educated for a Physician, the practice of which he 
relinquished for the more quiet and philosophical pursuits of Agricul- 
ture. Soon after he commenced farming he introauced such decided 
improvements upon his farm that his fame was soon known from one 
end of Europe to the other. The most celebrated farmers of Eng- 
laad, France, Denmark, Germany, A:c., courted his friendship, and 
his writings were everywhere sought and studied. 

ly The subscription price to the Farmers* Library and Monthly 
Journal of Agriculture, containing 2 vols, of 600 pages each, with nu- 
merous engravings, is Five Dollars a year. Where five persons 
club together and send us $20, we send five copies. Payment is in- 
variably required in advance. Money may be remitted through the 
Mail at our risk. The bank-notes of any state of specie-paying 
banks are received at par. 

All the numbers of the first year can still be purchased. The first 
number of the second year commenced with July, 1846. Address 
GREELEY & McELRATH, Publishers, 

Tribune Buildings, New York. 
__ 

PRINCIPLES OF AGRICULTURE. 

By ALBERT D. THAER. 
Translated by William Shaw and Cuthbert Johnson. 
The following are some of the subjects discussed in the work : — 
The Fundamental Principles of Agriculture. — Economy, Organiza- 
tion, and Direction of an Agricultural Enterprise. — Agronomy ; or 
a Treatise on the Constituent Parts and Physical Properties of the 
Soil, and the best Method of acquiring a Knowledge of the difier- 
ent Earths, and ascertaining their Value. — Agriculture. — On the 
Reproduction of Animal and Vegetable Substances, being a De- 
scription of the different Kinds of Grains and Grasses, and tlie 
proper mode of Cultivation. — The Economy of JLive Stock. 
One Vol., 8vo. With numerous Engravings. Bound in full Cloth, 
Price $3. GREELEY & McELRATH, Publishers, 

Tribune Buildings, New York. 
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A TREATISE ON 

MILCH CO¥S, 

Whereby the dnality and duantity of Milk which any Cow will 
giye may be accurately determined by observing Natural Marks or 
Extemtd Indications alone ; the length of time she will continue to 
give Milk, &c., &c. 

By M. FRANCIS GUENON, 

OF LIBODRNE, FRANCE. 

Translated for the Farmers' Library, from the French by N. P. 
Trist, Esq., late U. 6. Consul at Havana. 

WITH INTRODUCTORY REMARKS AND OBSERVATIONS 

ON THE 

COW AND THE DAIRY. 

By JOHN S. SKINNER, 

EDITOR OF THE FARMERS' LIBRARY. 

ILLUSTRATED WITH NUMEROUS ENGRAVINGS. 



J^* Price of single Copies neatly done np in paper covers, 37 1-2 
Cents. Full boundf in Cloth, and lettered, 62 1-2 Cents. The nsnal 
discount to Booksellers, Agents, Country Merchants, and Pedlars. 

Farmers throughout the United States may receive the work 
through the Mails. The postage on each copy will be about 7 cents. 
By remitting Two Dollars, free of postage, we will send seven copies 
of the work done up in paper covers, or three copies for $1. 

Country Merchants visitmg any of the Cities can procure the work 
from Booksellers for those who may wish to obtain it 

Please send on your orders. Address 

GREELEY & McELRATH, Publishers, 

Tribune Buildings, New York. 



HISTORY OF THE SILK CULTURE 

IN THE UNITED STATES. 

Embracing complete accounts of the latest and most approved 
mode of Hatching, Rearing, and Feeding the Silk-Worm, Managing 
the Cocoonery, Reeling. Spinning, and Manufacturing of the Silk, 
&c., &c. — ^W ith Historical Sketches of the Silk Business ; Naturid 
History of the Silk-A^orm, the Mulberry, &c. Illustrated by numer- 
ous Engravings of Machinery and Processes, and a Manual of the Silk 
Culture. Price 25 Cents. Five copies for $1. 
17* 
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PRICE REDUCED.— A NEW EDITION OF 

CURIOSITIES OF LITERATURE, 

AND THB 

LITERARY CHARACTER ILLUSTRATED. 
BY I. C. D;iSaAELI, BSa, D. C. L. F. S. A. 

WITH 

CURIOSITIES OF AMERICAN LITERATURE. 

BY ttUFUS W. GRISWOLD. 

td^ A new edition of this splendid work is now ready for the trade. 
In one very large royal octavo volame, elegantly done up in cloth. 
Price for single copies. $2 50. A liberal discount to Booksellers. For 
the amoant of reading matter contained in this volume, and the cost- 
liness of the paper and binding, it is certainly one of the cheapest 
books at $2 50 that has ever been offered to the public. No Library 
can be complete without a copy of this work, nor will any gentleman 
or scholar be without it who can afford so trifling a sum as that which 
will now procure it The very high price at which the work has 
heretofore been held, has prevented anything like a very general cir- 
culatidn. Orders may be sent to Booksellers or directly to the pub- 
lishers. GREELEY & McELRATH. 

''This is a work too well known to require specific criticism. Perhaps 
there is not in the world another volunne which combines so much and 
such various information concerning authors and their productions, as 
tliis one of D'Isbaeli."— l(riitcA;er6ocAcr. 

LECTURES TO FARMERS, 

ON 

AGRICULTURAL CHEMISTRY. 

By ALEXANDER PETZHOLDT. 

The taste for Scientific Agriculture in the United States has crea- 
ted a demand for the very information which these Lectures supply. 
" The motive," says the author, " which has induced me to prepare 
such a Course of Lectures, is the complaint I have heard from many 
of you, that, being unacquainted with the elements of Chymistry, you 
have found it dilEcult to understand the questions which are at the pres- 
ent moment so warmly discussed, respecting the theory and practice 
of Agriculture." This work being less scientific and technical in its 
language than Leibig's work, is on that account better adapted for 
the use of general Farmers, and ought to be first read. The author, 
in hia preface, says that a " perusal of this work with ordinary atten- 
tion will furnish the necessary amount of chymical information for the 
purposes of the farmer." ^ 

^^ The above valuable Farmers' Book is published entire in one 
volume, 8vo. Bound in full cloUi. Price 50 cents. 
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GERMAN LANGUAGE. 

A PHRASE BOOK IN ENGLISH AND GERMAN, 

WITH A 

LITERAL TRANSLATION OP GERMAN INTO ENGLISH. 

Together with a Complete Explaoation of the Sounds and the Ac- 
centaation of the German. 

BY MORITZ ERTHBILER. 

For Schools and Private Learners. Price 25 Ctt)., or, hoand, 37 1-2 Cts. 



From Charles Julius Hempel, M. D., author of a Grammar of 
the German Language, formerly Teacher of the German in N. York. 

Having had abundant opportunities of making myself particularly ac- 
quainted with the advantages of Mr. Ertheiler's Phrase-Book, I take the 
greatest pleasure in recommending it to the respectful consideration of 
both the teachers and learners of the German language. This work is 
intended to satisfy a most important want which is constantly felt both in 
teaching and studying that language. By meanit of that work, the student 
is enabled to obtain in a very easy manner a thorough knowledge of the 
German idioms. Every German idiom of any practical importance is ex- 
plained in that work, and the literal translation, which is constantly an- 
nexed to it, affords the scholar an opportunity of becoming acquainted, with- 
out almost any trouble, with a great number of the most useful words of 
the German language. The work may be considered as an essentially- 
necessary appendix to every German Grammar now existing. 

The teacher might avail himself of the work which I have the pleasure 
of recommending to the public, for the purpose of imparting analytically 
a correct and sufficient knowledge of German Grammar. The idioms are 
so chosen and arranged as to embody all the most important principles 
of German Grammar, and the Teacher will find it easy to elucidate them 
to the schqlar by means of those idiomatic phrases. A more philosophi- 
cal study or German Grammar may follow the study of those phrases with 
great success. 

This work equally commends itself to the German as the American stu- 
dent. The German who wishes to obtain correct and philosophical 
knowledge of the English idioms is fully enabled to obtain that knowledge 
by means of Mr. Ertheiler's book. Though the idioms contained in 
that work are constantly heard in daily conversation, yet the German 
resident must find it difficult permanently to impress such evanescent 
sounds upon his memory. He may remember the general expression of 
the idiom ; but he does not remember it sufficiently to apply it correctly 
in conversation. Mr. Ertlieiler's work affords him an opportunity of re- 
freshing his recollection of the phrase, and ultimately fixing it upon his 
mind with scientific precision. 

As Mr. Ertheiler's book does not conflict with any of the existing inter- 
ests in regard to the German school books published in the countr}% it is 
to be hoped that it will meet with the success which it truly and fully 
deserves. C. J. HEMPEL, M. D. 
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STEPHENS'S BOOK OF THE FARM. 

WITH NOTES BY JOHN S. SKINNER, 

EDITOR OF THE FARMERS' LIBRARY. 

SIX HUNDRED ENQRAVINQSl 

The Editor of the Farmers* Library, in the closing article of the 
last number of the first volume of that work, annoonoes the great 
work of Stephens in the following manner : — 

We have now to annonnce, that the next volome of the Farmers' 
Library will open with a greater work still [than that of Thaer] ; one 
far more volaminons, more costly, and more exclusively practical. 
We allude to that magnificent work, Stephens's Book of the Farm, 
Yes, reader, we proclaim to you, with no little pleasure, tnat our Pub- 
lishers, regardless of the cost, have decided that we may commence 
upon that great work in the first number of the second volume of the 
Farmers' Library, and proceed to give fifty pages a month, with all 
its splendid Engravings, until, like Thaer, it shall have been pub- 
li^ed entire ana complete. It is thus that by degrees we propose to 
form emphatically the Farmers' Library. Of the style, costliness, 
and volume, of this celebrated work, some idea may be formed when 
we state, that in the first place it contains more than 1400 pages, with 
upward of Six Hundred Engravings ! and fqrther, that in England 
it required more than two years to publish it, and cost there more 
than $20. A list of these engravings accompanies this number of the 
Farmers' Library, and will be sent to any gentleman who may de- 
sire it with a view to subscribing for the work. 

Although, as we have said, the business of Editor is not to us 
a new undertaking, and, as might seem, therefore, not a case to be 
likened to a tenant going on a new farm, yet his present position is a 
new one in some important respects ; for, uough the field is the same, 
the means of cultivating it are greatly increased and multiplied, giv- 
ing him in fact so much more elbow-room. With publishers so liberal a 
man passionately fond of his subject may almost riot in the chance and 
the hope of doing it ample justice. How many well-informed, industri- 
ous farmers languish on large estates, where, having no capital to 
carry out their conceptions, they can neither thrive themselves nor set 
an example of enterprise and usefulness to their neighbors. We own 
that we rejoice in working for liberal men, who confide in our capa- 
city, such as it is, and in our unconquerable devotion to the good 
cause. With such license as they give, and all the best materials at 
our command that any country can ofier, we repeat fearlessly that no 
fiutner who thirsts for knowledge himself, or who aspires to have his 
*)n rise to the true " post of honor," the dignified station of an intel- 
lectual and accomplished agriculturist, can justifiably deny himself 
•uch a work as is found in the Farmers' Library ana, Monthly JouT' 
nal af Agriculture. 
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The following Bynopsia wiU show the value of the work to farmers 
better than any eologiam we can write : — 

CONTENTS OF STEPHENS'S BOOK OF THE FARM. 

The difficulties which the young Farmer has to encounter at the outset of 
learning practical Husbandry.— The means of overcoming those Diffi- 
culties.— The kind of information to be found in existing works on 
Agriculture.— The construction of "The Book of the Farm."— The 
existing methods of learning practical Husbandry.— The establish- 
ment of scientific institutions of practical Agriculture.— The evils at- 
tendant on landowners neglecting to learn practical Agriculture.— Ex- 
perimental Farms as places for instruction in farming.— A few words to 
young Farmers who intend emigrating as agricultural settlers to the 
Colonies. — The kind of Education best suited to young Farmers. — The 
different kinds of Farming.— Choosing the kind of farming. — Selecting a 
tutor farmer for teaching farming.— The pupilage.— Dealing with the 
details of farming. 

Winter.— The Steading or Farmstead.— The Farmhouse.— The persons 
who labor the Farm.— The Weather in Winter.— Climate.— Observing 
and recording Facts.— Soils and Subsoils.— Enclosures and Shelter. — The 
planting of thorn Hedges.— The Plough. — The various modes of plough- 
ing Ridges.— Draining.— Yoking and harnessing the Plough, and of 
Swing-trees.— Ploughing Stubble and Lea-ground. — Trench and subsoil 
ploughing, and moor-land Pan.— Drawing and stowing Turnips, Mangel- 
wurzel, Cabbages, Carrots, and Parsnips.— The feeding of Sheep on tur- 
nips in Winter.- Driving and slaughtering Sheep.— Rearing and feeding 
cattle on turnips in Winter.— Driving and slaughtering Cattle.— The 
treatment of Farm-Horses in Winter.— Fattening, driving, and slaugh- 
tering Swine.— The treatment of Fowls in Winter. — Thrashing and 
winnowing Grain, and of the Thrashing-machine.— The Wages of farm- 
servants.— Corn Markets. — The Farm-smith, Joiner, and Saddler. — The 
forming of dunghills, and of liquid Manure Tanks. — Winter Irrigation. 

Spring.— CoYfs calving, and of Calves.— The advantages of having Field- 
work in a forward state. — Cross-ploughing, drilling, and ribbing Land. — 
Sowing spring Wheat and grass Seeds.— Sowing Beans, Peas, Tares, 
Lucerne, Sainfoin, Flax, and Hemp.— Switching, pruning, and water- 
tabling Thorn-hedges.- Hiring Farm-servaots— Sowing Oat-seed.— The 
lambing of Ewes. — The training and working the Shepherds* Dog, — 
Sowing Barley-seed.- Turning DunghiHs and Composts.— Planting Po- 
tatoes.— Breaking in young Draught-horses,— Sows farrowing or litter- 
ing.— The hatching of Fowls. 

Siwruwer.— The sowing of Turnips, Mangel-wurzel, Rape, Carrots, and 
Parsnips. — Repairing the Fences of Grass-fields, and the proper con- 
struction of Field gates.— The weaning of Calves, Bulls, and the gra- 
zing of Cattle till Winter.— Mares foaling, Stallions, and Horses at 
grass.— Sheep-washing, sheep-shearing, and weaning of- Lambs.— Roll- 
ing the Fleece, and the qualities of Wool.— The making of Butter and 
Cheese.— Weeding Corn, green Crops, Pastures, and of casualties to 
Plants.— Hay-making.— Summer-fallowing, and liming the Soil.— Build- 
ing Stone dikes —Embankments against Rivulets.— Forming Water- 
meadows — Breaking-in young Saddle-horses. 

Autumn.— TMlling Flax and Hemp, and of the Hop.— Reaping Rye, Wheat, 
Barley, Oats, Beans, and Peas.— Carrying in and stacking Wheat, 
Barley, Oats, Beans, and Peas.— Draughting Ewes and Gimmers, tupping 
Ewes, and bathing and smearing Sheep.— Lifting and pitting Potatoes. 
— Sowing annual Wheat, and the construction and pnnciples of agri* 
cultural Wheel-carriages.— Eggs. 
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Rotation of Crops.— Fertilizing the SoU taj meuu of IfanurM.— The 
points possessed by the domesticated Anhnals most deeiraUe for the 
Parmer to cnltivate.— Making experiments on Farms. — Destroying and 






its Stopking— 4be Capital required for it.— Improving waste Land. — 
Farm Book-keef>tng.— The conveniencen of the CottiMares of Farm-ser^ 
▼aots.— The care to be bestowed on the preservation of Implements. 
Index. 

Mr. Stephens, the author of the aboYe-named work, was engaged 
for severid years in writing it Its pnblication was commenced in 
London, in Jannary, 1842, and concluded in Angnst, 1844. The author 
closes the work in the following words : — 

" I have now brought to a termination the task I had imposed upon my- 
self in writing this work. If you mtHI but follow the prescriptions I have 
given in it, for conducting the larger operations of the field, and for treat- - 
ing the various animals of the farm, and— not to mention the proper 
ploughing and manuring of the soil— as the practice of every farmer de- 
monstrates the necessity of aflfbrdingdue attention to those most important 
because fundamental operations, if you finish off your fields in a manner 
indicating care and neatness— ploughing round tiieir margins, and turning 
over tho comers ; if you keep your fences clean and in a state of repair— 
your fields free of weeds ; if you give your stock abundance of fresh food 
at regular intervals in winter, and supply them with plenty of clean wa- 
ter on fresh pastures in summer ; if you have the farm roads always in a 
servicable state, and everything about the steading neat and orderly ; if 
you exhibit skill and taste in all these matters, and put what is called a 
fine skin on your farm, you will not fail to earn for yourself the appella- 
tion of a good and exemplary farmer ; and vrlten you have everything 
about you * thus well disposed,* yuu will find, with Ilesiod of old, that 
profitably, as well as creditably, for you ' sliall glide away thy rustic year.' " 

" The great merit of the work is the intelligible manner in which it is 
written, and the strong good sense with which it is distinguished. The 
arrangement is clear and satisfactory, and is valuable as being the result 
of practical experience and competent theoretic knowledge. It is a book 
which will bo received with gratitude by those who are really anxious to 

grofit by instruction, and whose anxiety for improvement is not impeded 
7 prejudice."— Iiondon T^es. 

** We are glad to observe that this valuable work fully deserves the 
praise that has been awarded to it, not only by the whole press of the 
Kingdom, but also by several of the intelligent and most practical agri- 
culturists of the present day. Minute without being tnOing, and full 
without being diffuse, the information contained in this work is Of infinite 
value, from its readiness of application to almost every variety of farm- 
ing ; and as all the improvements which modem science has served to in- 
troduce into British Agriculture are familiarly dealt with, and explained 
In the clearest manner, there is nothing deficient. In all respects it is 
the best manual for the practical farmer extant, and we heartily recom- 
mend it to all our agricultural Mends.**— Cmrlisle Patriot, 

" The entirely practical nature of this work, and the evident care with 
which it is produced, will, we think, render it one of the most useful pub- 
lications for the farmer which has yet appeared."— ilff<fZsiid Countiet 
Herald. 

The publication of this great work was commenced in the Far- 
mers' Library, for July, 1846. 
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